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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  10‘3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton ,  long 

1.0160 

metric  tons 

ton ,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

xTo  obtain  Celsius 

(C)  temperature  readings 

from  Fahrenheit  (F)  readings. 

use  formula:  C  = 

(5/9)  (F  -32). 

To  obtain  Kelvin 

(K)  readings,  use  formula 

:  K  =  (5/9)  (F  -32)  ♦  273.15. 
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SYMBOLS  AND  DEFINITIONS 


A  material  identifier 

A3  spectral  coefficients 

A2  spectral  coefficients 

a  empirical  rough-slope  runup  coefficient 

aj  incident  wave  amplitude  at  a  spectral  line 

a^  reflected  wave  amplitude  at  a  spectral  line 

B  breakwater  top  width 

Bx  spectral  coefficients 

B2  spectral  coefficients 

b  empirical  rough-slope  runup  coefficient 

C  transmission  by  overtopping  coefficient 

C3  empirical  wave  runup  on  smooth-slope  coefficients 

C2  empirical  wave  runup  on  smooth-slope  coefficients 

C3  empirical  wave  runup  on  smooth-slope  coefficients 

CF  physical  model  correction  factor  =  (Ky^.)  prototype/ (Ky,^)  model 

d  water  depth 

ds  water  depth  at  toe  of  a  structure 

d50  median  material  diameter 

F  breakwater  freeboard  =  h  -  ds 

f  wave  frequency  =  1/T 

g  acceleration  due  to  gravity 

H  or  Hj  incident  wave  height 
reflected  wave  height 

Hj^g  root -mean -square  (rms)  wave  height 

1^  significant  wave  height 

Hy.  transmitted  wave  height 

H  mean  wave  height 

ID  a  10-digit  identification  code  (year,  month,  day,  hour,  minute) 

assigned  to  each  data  collection  run 

j  spectral  line  number 
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SYMBOLS  AND  DEFINITIONS- -Continued 


Ky 


reflection  coefficient 


transmission  coefficient 


2 

KTt 


*To 

KTt 

k 

L 

L o 
P 

P 

Qp 

Qpf 

Qpr 
Q  pt 
R 

r (H,H  +  1) 
r (H,T) 

T 

TP 

W50 

Y 

Af 

M 

nJTO8 

e 


wave  transmission  by  overtopping  coefficient 

coefficient  of  wave  transmission  through  a  permeable  breakwater 

wave  number  =  2ir/L 

wavelength 

deepwater  wavelength 
material  porosity 
probability 

spectral-peakedness  parameter 
incident  spectral-peakedness  parameter 
reflected  spectral-peakedness  parameter 
transmitted  spectral-peakedness  parameter 
wave  runup 

autocorrelation  of  wave  heights 
correlation  of  wave  heights  and  periods 
wave  period 

period  of  peak  energy  density 
median  weight  of  material 
specific  weight 
band  width 
gage  spacing 

root-mean-square  water  level 

angle  of  seaward  face  of  a  breakwater 

kinematic  viscosity  of  water 
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surf  parameter  =  (tan  0/  VH/I ^  ) 


p  autocorrelation  of  zero  up-crossing  wave  heights 

•  for  incident  waves 

•  for  transmitted  waves 
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TWO-DIMENSIONAL  TESTS  OF  WAVE  TRANSMISSION  AND  REFLECTION 
CHARACTERISTICS  OF  LABORATORY  BREAKWATERS 


by 

William  N.  Seelig 
I .  INTRODUCTION 

The  primary  function  of  a  breakwater  is  to  reduce  wave  heights  in  an  area 
being  sheltered.  Breakwaters  are  primarily  used  to  protect  harbors  from 
excessive  wave  action,  to  prevent  beach  erosion,  and  to  trap  sediment  for 
mechanical  bypassing  at  an  inlet  or  harbor  entrance.  A  secondary  use  of 
breakwater  design  is  to  reduce  the  wave  reflection  from  the  structure. 

Reflected  waves  combined  with  incident  waves  can  produce  undesirable  water 
motions  that  may  be  a  nuisance  to  navigation  or  encourage  scour  at  the  toe  of 
a  structure. 

Since  the  cost  of  building  breakwaters  is  generally  high,  methods  are 
needed  to  estimate  transmitted  and  reflected  wave  heights  to  enable  comparison 
of  alternative  structure  designs.  This  report  presents  suggested  methods  for 
predicting  transmission  and  reflection  characteristics  of  breakwaters  based  on 
laboratory  experiments,  including  the  work  of  previous  investigators.  These 
methods  supplement  Section  7.23  of  the  Shore  Protection  Manual  (SPM)  (U.S. 

Army,  Corps  of  Engineers,  Coastal  Engineering  Research  Center,  1977).  The 
basic  types  of  breakwaters  considered  are  permeable  and  impermeable  structures 
with  crest  elevations  above  the  Stillwater  level  (subaerial)  and  below  the 
Stillwater  level  (submerged).  The  other  factors  investigated  include  wave 
height,  period,  breakwater  cross-section  design,  and  material  characteristics. 
Both  monochromatic  and  irregular  waves  were  tested. 

Section  II  of  this  report  presents  a  brief  review  of  research  conducted 
by  previous  investigators.  Section  III  describes  the  laboratory  setup  and 
procedures;  Sections  IV,  V,  and  VI  present  data  analysis  methods  and  definitions. 
The  conditions  tested  are  summarized  in  Section  VII.  Detailed  descriptions  of 
the  breakwaters  tested  and  materials  used  are  given  in  Appendixes  A  and  B; 
summary  tables  and  figures  of  laboratory  results  are  presented  in  Appendixes 
C,  D,  and  E. 

Laboratory  results  are  used  in  this  study  to  develop  a  method  for  predicting 
wave  transmission  by  overtopping  coefficients  using  the  ratio  of  breakwater 
freeboard  to  wave  runup  (suggested  by  Cross  and  Sollitt,  1971)  and  the  break¬ 
water  crest  width  (suggested  by  Saville,  1963).  The  wave  transmission  by 
overtopping  prediction  method  is  then  combined  with  the  model  of  wave  trans¬ 
mission  through  permeable  structures  of  Madsen  and  White  (1976)  and  this 
combination  package  is  verified  with  the  laboratory  results  over  a  wide  range 
of  conditions.  Prediction  methods  are  summarized  in  the  computer  programs 
OVER  and  MADSEN  (Apps.  F  and  G).  An  example  breakwater  design  is  worked  with 
the  aid  of  the  two  computer  programs  to  illustrate  how  the  prediction  methods 
can  be  used  to  compare  alternative  breakwater  designs,  and  to  illustrate  the 
importance  of  various  design  parameters. 

II.  LITERATURE  REVIEW 

Some  of  the  important  sources  of  ideas  and  data  used  in  preparing  this 
report  are  summarized  below  in  chronological  order. 
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Saville  (1963)  tested  a  large  number  of  similar  rough  structures  with  a 
1  on  2  front-face  slope  for  a  proposed  breakwater  at  Point  Loma,  California. 

Most  of  Saville's  breakwater  models  had  a  crest  elevation  near  the  Stillwater 
level,  so  wave  transmission  in  most  of  the  tests  was  primarily  due  to  overtop¬ 
ping.  Some  of  the  breakwaters  tested  were  first  modeled  in  the  large  wave  tank 
at  the  Coastal  Engineering  Research  Center  (CERC) ,  then  re-tested  at  a  smaller 
scale  to  examine  scale  effects.  Some  tests  were  repeated  with  otherwise 
identical  permeable  and  impermeable  breakwaters  to  assess  the  influence  of 
wave  transmission  through  the  permeable  breakwaters  and  wave  transmission  by 
overtopping.  The  breakwater  crest  width  was  also  varied  over  a  wide  range  of 
values  to  determine  the  influence  of  width  on  the  wave  transmission  coefficient. 
Since  wave  reflection  coefficients  were  not  measured,  the  burst  method  was  used 
during  testing  to  avoid  laboratory  effects  caused  by  re-reflection  of  waves 
from  the  generator  blade. 

Lamarre  (1967)  measured  wave  transmission  by  overtopping  for  a  structure 
with  a  comparatively  narrow  crest  width  and  1  on  1.5  structure  slopes.  Wave 
conditions  and  the  height  of  the  structure  were  varied. 

Goda  (1969)  tested  vertical,  smooth  impermeable  structures  for  wave 
transmission  by  overtopping.  The  breakwater  crest  width  was  varied  and  a 
wide  range  of  submerged  and  subaerial  structure  heights  and  a  number  of  wave 
conditions  were  tested.  Wave  reflection  coefficients  were  measured  to  deter¬ 
mine  the  incident  wave  height  acting  on  the  structure.  A  nonlinear  empirical 
equation  was  developed  for  predicting  wave  transmission  coefficients.  In  this 
formula  the  transmission  coefficient  is  a  function  of  the  ratio  of  the  break¬ 
water  freeboard  to  the  incident  wave  height  and  two  empirical  coefficients, 
where  the  coefficients  are  related  to  structure  geometry  and  the  relative 
water  depth. 

Davidson  (1969)  tested  a  1  on  40  scale  model  of  a  breakwater  proposed  for 
Monterey  Harbor,  California.  The  breakwater  had  tribar  armor  units  and 
experienced  a  combination  of  wave  transmission  over  and  through  the  structure. 

Cross  and  Sollitt  (1971)  developed  a  semiempirical  model  for  wave  trans¬ 
mission  by  overtopping  of  subaerial  breakwaters.  The  model  was  compared  to 
Lamarre's  (1967)  data  for  a  smooth  impermeable  structure  with  a  1  on  1.5  front- 
face  slope.  Cross  and  Sollitt's  model  suggests  that  wave  transmission  by 
overtopping  is  a  nonlinear  function  of  the  ratio  of  breakwater  freeboard  to 
runup.  Examination  of  Saville's  (1963)  data  suggests  that  a  linear  model  would 
form  an  upper  envelope  for  wave  transmission  over  rough  structures. 

Keulegan  (1973)  measured  wave  transmission  through  a  number  of  vertical¬ 
faced  permeable  breakwaters  using  a  wide  variety  of  materials  and  wave 
conditions.  Comparison  of  results  led  to  development  of  a  method  for  design¬ 
ing  scale  models  that  consider  scale  effects. 

Sollitt  and  Cross  (1976)  tested  wave  transmission  through  a  permeable 
rubble-mound  breakwater  and  used  this  information  to  develop  an  analytical- 
empirical  model. 

Bottin,  Chatham,  and  Carver  (1976)  tested  1  on  22  rubble-mound  scale  and 
concrete  armor  unit  breakwaters  proposed  for  Waianae  Harbor,  Hawaii.  Wave 
transmission  consisted  of  a  combination  of  wave  transmission  by  overtopping 
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and  wave  transmission  through  the  structures.  Wave  reflection  coefficients 
were  not  measured.  Wave  runup  on  dolos  was  observed. 

Madsen  and  White  (1976)  developed  a  analytical -empirical  model  for  the 
prediction  of  wave  transmission  and  reflection  coefficients  for  wave  trans¬ 
mission  through  subaerial  rubble-mound  breakwaters.  The  model  employs  the 
long  wave  assumption,  so  predictions  using  their  model  are  expected  to  be 
most  reliable  for  shallow-water  waves.  Comparison  of  the  Madsen  and  White 
model  with  physical  model  tests  by  Keulegan  (1973)  and  Cross  and  Sollitt  (1976) 
shows  that  the  wave  transmission  coefficient  can  be  predicted  more  reliably 
than  the  reflection  coefficient. 

The  data  from  independant  tests  of  wave  transmission  by  overtopping  con¬ 
ducted  in  this  study,  together  with  the  results  of  Saville  (1963),  Lamarre 
(1967),  Goda  (1969),  and  Cross  and  Sollitt  (1971),  are  used  to  develop  a  wave 
transmission  by  overtopping  equation  similar  to  one  proposed  by  Cross  and 
Sollitt  (1971).  The  equation  is  then  combined  with  the  model  of  wave  trans¬ 
mission  through  permeable  breakwaters  of  Madsen  and  White  (1976)  to  form  a 
generalized  model  of  wave  transmission  for  breakwaters.  This  model  is  verified 
by  comparing  numerical  and  physical  model  results  for  a  wide  range  of  conditions. 

III.  LABORATORY  TESTING 


1 .  Laboratory  Test  Setup. 

Laboratory  tests  were  performed  at  CERC  in  a  wave  tank  4.57  meters  wide, 

42.7  meters  long,  and  1.22  meters  deep.  A  part  of  the  tank  was  divided  by 
four  walls  to  form  two  interior  test  flumes,  each  61  centimeters  wide;  the 
remaining  tank  width  contained  a  1  on  12  absorber  beach  made  of  crushed  stone 
with  a  median  diameter  of  2.9  centimeters  (Fig.  1).  This  arrangement  allowed 
two  experiments  to  be  performed  simultaneously,  and  energy  reflecting  off  of 
the  test  structures  diffracts  out  of  the  test  flume  to  minimize  re-reflection 
of  waves  off  of  the  generator  blade. 

The  laboratory  breakwaters  were  located  between  stations  5  and  10  meters 
along  the  flume  and  parallel-wire  resistance  gages  were  used  to  measure  wave 
conditions  in  the  flume.  Gages  placed  at  stations  1.40,  2.35,  and  2.70  meters 
along  the  test  flumes  were  used  to  document  incident  and  reflected  wave  condi¬ 
tions.  One  or  two  gages  placed  landward  were  used  to  measure  transmitted  waves 
(Fig.  1). 

A  wave  absorber  consisting  of  a  crushed  gravel  slope  covered  with  a  0.6- 
meter-thick  layer  of  hogshair  was  placed  at  the  end  of  the  test  flume  to  absorb 
a  majority  of  the  transmitted  wave  energy.  The  test  flume  was  terminated  3 
meters  before  the  end  of  the  wave  tank  to  allow  water  overtopping  the  test 
structure  to  escape  from  the  flume  through  the  absorber  gravel.  This  arrange¬ 
ment  prevented  the  buildup  of  water  on  the  landward  side  of  the  test  structure. 

2.  Methods  of  Generating  Waves. 

Waves  in  this  facility  were  generated  by  a  programable  piston-type  generator 
with  a  mean  blade  position  19  meters  seaward  of  the  entrance  to  the  test  flumes. 
A  minicomputer  was  used  to  produce  monochromatic  waves  of  a  specified  wave 
height  and  period  by  moving  the  blade  with  a  sinusoidal  motion.  Irregular  waves 
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Figure  1.  Flan  view  of  wave  tank  setup. 


were  produced  by  using  the  CERC  Data  Acquisition  System  (DAS)  to  create  a  signal 
to  move  the  blade.  Irregular  waves  were  made  by  summing  50  components  of  vary¬ 
ing  amplitude,  period,  and  random  phase  to  produce  a  wide  variety  of  spectral 
shapes . 

3.  Data  Collection. 

The  laboratory  data  collection  scheme  was  designed  after  the  CERC  field 
wave  data  monitoring  program.  Data  collection  was  performed  automatically  by 
the  DAS  in  the  following  sequence: 

(a)  Wave  gages  were  calibrated. 

(b)  Waves  were  produced  for  several  minutes  to  allow  tank  startup 
transient  conditions  to  die  out. 

(c)  Wave  gages  collected  data  at  a  sampling  rate  of  16  times  a 
second  over  a  256-second  sampling  interval. 

(d)  The  4,096  data  points  from  each  gage  were  then  stored  on 
magnetic  tape  for  analysis. 

(e)  A  10-digit  identification  code  consisting  of  the  year,  month, 
day,  houT,  and  minute  of  the  data  run  was  assigned  (e.g.,  ID  7804260916 
is  a  run  made  1978,  April,  26th  day  at  09:16). 
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4.  Data  Reduction  Methods. 


Laboratory  data  sorted  on  magnetic  tape  were  analyzed  on  a  CDC  6600  compute 
using  a  variety  of  data  reduction  schemes.  The  mean  water  level  and  the  least 
squares,  best-fit  linear  trend  in  the  data  was  first  removed  from  each  gage 
record.  A  Fourier  analysis  was  then  performed  on  each  gage  record  using  a  fast 
Fourier  transform  (FFT)  routine  and  cosine  bell  function  that  is  part  of  the 
CERC  wave  analysis  package. 


Incident  and  reflected  waves,  which  are  mixed  together  in  each  of  the  gage 
records,  were  separated  using  the  method  of  Goda  and  Suzuki  (1976)  shown  in 
Figure  2.  This  technique  gives  an  estimate  of  the  incident  and  reflected  wave 
amplitudes,  aj  and  a^,  at  each  spectral  line  for  each  gage  pair.  Using 
three  gages  in  front  of  the  structure  gives  three  estimates  of  the  incident  and 
reflected  wave  amplitude  spectra.  Calculations  show  that  in  this  study  the 
three  estimates  of  wave  amplitudes  seldom  differed  by  more  than  5  percent,  so 
the  average  incident  and  reflected  wave  amplitudes  at  each  spectral  line,  j, 
were  taken  as  representative;  i.e.,  (aj)^‘  is  the  average  incident  wave  ampli¬ 

tude  at  spectral  line,  j.  The  wave  amplitude  at  each  of  the  spectral  lines 
was  also  determined  for  transmitted  wave  conditions;  i.e.,  (ay)j  is  the 
average  transmitted  wave  amplitude  at  spectral  line,  j. 
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where  g  equals  acceleration  due  to  gravity;  d  equals  water  depth;  and 
T  equals  wave  period. 


Figure  2.  Determination  of  incident  and  reflected  waves  using  the 
method  of  Goda  and  Suzuki  (1976) . 


Incident,  reflected,  and  transmitted  wave  heights  (Hj,  Hp,  Hy)  are  defined 


as 


(1) 


(2) 


(3) 


where  Hj  is  the  height  of  the  wave  moving  landward  toward  the  breakwater, 

Hfl  the  height  of  the  wave  reflecting  from  the  breakwater  and  moving  seaward, 
and  Hf  the  height  of  the  wave  transmitted  past  and  in  the  lea  of  the 
breakwater . 

Wave  reflection  and  transmission  coefficients,  %  and  Ky,  are  defined  as 


and 


(4) 


(5) 


Wave  transmission  by  overtopping  has  a  transmission  coefficient  defined  as 
Ky0;  wave  transmission  through  porous  structures  is  given  by  a  transmission 
coefficient  K The  coefficient  for  total  wave  transmission  over  and  through 
a  structure,  Ky,  is 


(6) 


In  the  case  of  irregular  waves  the  significant  wave  height,  1%  (average 
of  the  highest  one-third  of  the  waves),  is  typically  used  to  describe  the  wave 
conditions.  To  include  the  effects  of  wave  reflection  from  the  structure, 
significant  height  is  defined  as  (Goda  and  Suzuki,  1976) 
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where  is  the  average  root -mean -square  (rms)  water  level  from  the  three 

seaward  gages.  The  mean  wave  height,  H,  is  defined  as 


H  =  0.625  Hs 


2.S  riyfTig 

/mf 


(8) 


The  wave  period  used  to  describe  irregular  wave  conditions  is  the  period 
of  peak  energy  density,  T The  spectral-peakedness  parameter,  (Goda, 

1970),  is  used  to  characterize  the  spectral  width  for  irregular  wave  conditions. 


(9) 


where  j  is  the  band  number  (11  spectral  lines  are  used  to  make  each  band), 
fj  the  frequency  midpoint  of  the  band,  and  Af  the  bandwidth  frequency,  a j 
may  be  the  incident,  reflected,  or  transmitted  wave  amplitude  associated  with 
band,  j,  so  that  three  values  of  Qp  (incident,  reflected,  and  transmitted) 
are  determined  for  each  irregular  wave  run.  Qp  was  selected  as  the  parameter 
to  describe  the  spectral  peakedness  because  it  is  an  especially  stable  parameter 
not  strongly  influenced  by  the  spectral  techniques  used  to  determine  its  value 
(Rye,  1977).  The  higher  the  value  of  Qp,  the  more  peaked  a  spectrum.  For 
example,  white  noise  has  a  Qp  value  of  1.0,  a  Pierson-Moskowitz  spectrum  a 
value  of  2.0,  and  JONSWAP  values  of  Q„  vary  between  3.0  and  9.0  with  a  value 
of  3.15  for  the  mean  JONSWAP  spectrum  (Fig.  3).  Values  of  Qp  associated  with 
several  incident  wave  spectra  used  in  this  study  are  illustrated  in  Figure  4. 


Figure  3.  The  spectral  peakedness,  Qp, 
for  various  spectral  shapes. 
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Figure  4.  Sample  incident  laboratory  wave  spectra. 


The  zero  up-crossing  method  was  also  used  to  analyze  wave  records.  In  this 
method  the  height  of  an  individual  wave  is  defined  as  the  difference  in  extreme 
water  elevations  (maximum  level  minus  minimum  level)  between  two  successive 
points  in  time  where  the  water  level  up-crosses  the  mean  water  level.  The 
period  associated  with  that  wave  is  the  time  between  up-crossings.  This  type 
of  analysis  is  useful  for  examining  wave  characteristics  such  as  wave  height, 
period,  or  joint  wave  height-period  distributions.  Zero  up-crossing  results 
may  also  be  used  to  describe  wave  grouping  (Rye,  1974).  A  high  level  of  wave 
grouping  means  that  there  is  a  strong  probability  that  a  wave  of  approximately 
the  same  height  will  follow  the  previous  wave  (i.e.,  large  waves  are  followed 
by  large  waves  and  small  waves  are  followed  by  small  waves).  In  this  study  the 
autocorrelation  of  zero  up-crossing  wave  heights  is  used  to  quantify  the  amount 
of  wave  grouping.  The  wave  gage  records  seaward  of  the  test  structure  are 
somewhat  contaminated  by  reflected  waves,  depending  on  the  amount  of  reflection, 
so  the  autocorrelation  of  incident  wave  heights,  pj,  is  taken  as  the  average 
wave  height  autocorrelation  of  the  three  gage  records  seaward  of  the  structure. 
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Autocorrelation  of  transmitted  waves,  py,  is  taken  as  the  average  autocorre¬ 
lation  of  any  gage  measuring  transmitted  waves.  (Note  that  p  may  vary  between 
1.0  and  -1.0.)  A  large  positive  value  of  p  means  that  waves  are  strongly 
grouped.  Values  of  p  near  zero  mean  that  there  is  little  relation  between 
successive  wave  heights.  A  negative  value  of  the  autocorrelation  implies  that 
small  waves  follow  large  waves  and  vice  versa.  Several  wave  records  measured 
in  this  study  with  various  values  of  P  are  shown  in  Figure  5.  Note  that  in 
all  cases  the  water  levels  have  been  normalized  by  the  significant  wave  height. 
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Figure  5.  Sample  laboratory  wave  records  showing  various 
levels  of  wave  grouping. 
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For  monochromatic  wave  tests,  wave  period,  T,  is  defined  as  the  period 
of  wave  generator  blade  motion.  For  most  of  the  monochromatic  wave  conditions 
tested,  90  percent  or  more  of  the  incident  wave  energy  was  found  to  be  in  the 
spectral  band  containing  the  blade  frequency  (Fig.  6).  At  a  given  value  of 
wave  steepness  the  amount  of  wave  energy  at  higher  harmonics  of  the  blade 
frequency  increases  as  the  relative  depth,  d/gT2,  decreases.  This  energy 
shift  occurs  because  the  waveform  becomes  more  cnoidal  and  less  sinusoidal 
in  shape  as  d/gT2  decreases  and  H/d  increases. 


Figure  6.  Percent  of  incident  wave  energy  at  the  period 
of  wave  generator  blade  motion  for  sinusoidal 
wave  generator  blade  motion. 

5.  Breakwaters  Tested. 

Cross  sections  for  17  breakwaters  were  tested  for  wave  transmission  and 
reflection;  the  cross-section  geometries  are  illustrated  in  Appendix  A.  Each 
of  the  structures  was  assigned  the  letters  BW  and  a  number  to  identify  the 
structure.  Breakwaters  BW1  to  BW12  were  built  and  tested  on  the  flat  bottom 
of  the  flume.  However,  BW13  to  BW17  were  constructed  with  a  1  on  15  fronting 
slope  25  centimeters  high  and  3.75  meters  long.  The  fronting  slope  was  used 
to  simulate  a  sloping  bottom  and  allow  higher  waves  to  break  on  the  structure 
being  tested. 

Most  of  the  breakwaters  tested  were  of  rubble-mound  construction,  because 
this  is  the  most  common  type  built.  However,  BW1  and  BW14  were  smooth  and 
impermeable.  BW2  had  an  impermeable  core,  and  BW8  and  BW9  had  dolos  armor 
units  and  an  impermeable  cap.  BW3,  BW4,  and  BW15  were  tested  with  and  without 
a  vertical,  thin  impermeable  plate  placed  in  the  center  of  the  structure  to 
prevent  transmission  through  the  lower  section  of  the  breakwater.  The  symbol 
W  is  used  to  indicate  tests  where  the  impermeable  plate  was  used;  e.g.,  BW3 
tested  with  a  plate  is  designated  as  BW3W.  Materials  used  to  construct  the 
breakwaters  are  described  in  Appendix  B. 

6.  Test  Conditions. 

Each  breakwater  was  built  with  a  fixed  geometry,  then  tested  at  various 
water  depths  and  wave  periods.  A  number  of  wave  heights  were  generally  examined 
for  each  wave  period.  Most  of  the  experiments  were  run  with  monochromatic  waves 
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produced  by  sinusoidal  motion  of  the  piston-type  generator  blade.  The  ranges 
of  dimensionless  water  depths  (water  depth  at  the  toe  of  the  structure  divided 
by  structure  height,  ds/h)  tested  with  monochromatic  waves  are  given  in  Table  1. 
Major  emphasis  was  placed  on  d/gT2  =  0.016  because  laboratory  waves  at  this 
value  of  relative  depth  are  comparatively  free  from  secondary  and  Benjamin-Fier 
waves . 


Table  1.  Range  of  conditions  tested  with 

monochromatic  and  irregular  waves. 


Breakwater 

Monochromatic  waves 

d 

h  gT2 

Irregular  wave 
testing1 

(range) 

(range) 

BW1 

0.6  to  1.2 

0.0065  to  0.055 

L 

BW2 

0.87 

0.013  to  0.079 

N 

BW3 

0.69  to  1.4 

0.0038  to  0.037 

N 

BW3W 

0.69  to  1.3 

0.0065  to  0.08 

N 

BW4 

0.68  to  1.3 

0.0065  to  0.055 

L 

BW4W 

0.76  to  1.3 

0.0065  to  0.055 

L 

BWS 

0.92  to  2.3 

0.0065  to  0.055 

L 

BW6 

0. 75  to  1.3 

0.0056  to  0.055 

L 

BW7 

0.98  to  1.63 

0.0065  to  0.055 

N 

BW8 

0.64  to  0.86 

0.016 

N 

BW9 

0.64  to  1.1 

0.0065  to  0.055 

L 

BN10 

0.68  to  1.1 

0.006S  to  0.055 

L 

BW11 

0.51  to  0.75 

0.0065  to  0.055 

N 

BN12 

0.64  to  1.1 

0.0065  to  0.055 

N 

BW13 

1.1  to  1.8 

0.0038  to  0.055 

L 

BW14 

0.91  to  2.0 

0.0038  to  0.055 

L 

BW15 

0.61  to  1.4 

0.0039  to  0.055 

L 

BW1SW 

0.91  to  1.5 

0.0038  to  0.055 

L 

BW16 

0.61  to  1.8 

0.002  to  0.055 

E 

BW17 

0.58  to  0.83 

0.001  to  0.022 

E 

testing: 

E  *  extensive 

;  L  *  limited;  N  = 

none. 

Breakwaters  BW16  and  BW17  were  tested  extensively  with  a  wide  variety  of 
irregular  wave  conditions.  A  limited  number  of  irregular  wave  runs  were  also 
made  for  several  other  breakwaters  (Table  1). 

7.  Test  Results. 

Test  results  for  monochromatic  and  irregular  wave  conditions  are  presented 
in  tabular  form  in  Appendixes  C  and  D;  monochromatic  results  are  presented  in 
graphical  form  in  Appendix  E. 
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IV.  ANALYSIS  OF  TEST  RESULTS 


This  section  provides  an  analysis  of  the  wave  transmission  and  reflection 
results  of  the  model  tests.  Impermeable  and  permeable  breakwaters  were 
investigated,  and  a  separate  discussion  is  devoted  to  each  type  breakwater. 

The  first  part  of  this  section  describes  observed  trends  in  the  values  of  the 
transmission  and  reflection  coefficients  as  a  function  of  the  parameters  var¬ 
ied  in  this  study.  The  second  part  includes  development,  description,  and 
evaluation  of  methods  for  predicting  wave  transmission  coefficients.  The  third 
part  discusses  the  effect  of  a  breakwater  on  other  wave  characteristics,  such 
as  the  wave  height  distribution  and  shape  of  the  transmitted  wave  spectra. 

Since  good  models  are  not  available  for  predicting  wave  reflection  coefficients 
for  breakwaters,  it  is  recommended  that  the  model  tests  be  used  directly  to 
estimate  breakwater  wave  reflection  coefficients. 

1 .  Wave  Transmission  and  Reflection  for  Impermeable  Breakwaters. 

a.  Observed  Trends  in  Transmission  and  Reflection  Coefficients.  As  a  wave 
approaches  an  impermeable  breakwater  some  of  the  wave  energy  is  supplied  to 
wave  runup,  some  of  the  energy  is  dissipated,  and  the  remaining  wave  energy 
moves  seaward  in  the  form  of  a  reflected  wave.  If  the  runup  exceeds  the  crest 
elevation  of  the  breakwater,  waves  will  be  regenerated  on  the  landward  side  of 
the  structure.  Figure  7  shows  aspects  of  this  process  and  defines  some  of  the 
terms  used  in  wave  transmission  by  overtopping. 
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Figure  7.  Definition  of  terms  for  wave  transmission  by  overtopping. 

Madsen  and  White  (1976)  found  that  low  reflection  coefficients  and  corre¬ 
spondingly  large  amounts  of  wave  energy  are  dissipated  on  smooth  nonovertopping 
structures.  This  observation  has  been  verified  using  the  data  of  Ahrens  (1979) 
for  breaking  and  nonbreaking  waves .  The  data  show  that  for  the  case  of  no 
overtopping  the  reflection  coefficient  decreases  and  a  larger  fraction  of  the 
wave  energy  is  dissipated  as  the  wave  steepness  increases  (Fig.  8).  More  than 
80  percent  of  the  wave  energy  is  dissipated  by  the  smooth  slope  of  1  on  1.5  for 
the  steepest  waves  tested.  Note  that  the  magnitude  of  the  wave  reflection 
coefficient  is  approximately  the  same  for  monochromatic  and  irregular  waves,  for 
a  given  value  of  wave  steepness. 

As  the  height  of  the  breakwater  is  reduced  the  magnitude  of  the  wave  reflec¬ 
tion  coefficient  decreases  because  much  of  the  wave  energy  is  transmitted  by 
overtopping.  For  example,  with  a  freeboard  of  zero  (water  level  at  the  break¬ 
water  crest)  BW1  has  reflection  coefficients  that  are  less  than  20  percent  of 
the  reflection  coefficient  for  a  structure  that  is  not  overtopped  for  the 
steeper  waves  tested  (Fig.  9).  At  values  of  small  wave  steepness  the  size  of 
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the  reflection  coefficients  for  the  breakwater  and  smooth  impermeable  slope 
is  approximately  the  same  because  breakwater  overtopping  is  small. 


The  wave  reflection  coefficient  decreases  as  the  wave  height  or  steepness 
increases  for  a  subaerial  breakwater,  but  shows  the  opposite  trend  for  a  sub¬ 
merged  breakwater  (Fig.  10).  There  is  a  slight  increase  in  the  reflection 
coefficient  as  the  wave  height  increases  for  the  conditions  tested. 


The  variation  of  the  wave  transmission  coefficient  for  a  smooth  impermeable 
breakwater  is  the  reverse  of  that  found  for  the  reflection  coefficient.  If  the 
wave  runup  is  less  than  the  breakwater  freeboard  there  is  no  wave  transmission. 
As  soon  as  the  runup  exceeds  the  crest  of  the  breakwater,  wave  transmission  by 
overtopping  occurs.  All  other  factors  being  fixed,  as  the  wave  height  increases 
the  size  of  the  runup  and  the  transmission  by  overtopping  coefficient  increase 
(Fig.  10);  as  the  ratio  of  the  water  depth  to  structure  height,  dg/h,  ap¬ 
proaches  1.0  the  transmission  coefficient  increases.  Even  with  zero  freeboard 
(d^/h  =  1)  there  is  some  increase  in  the  wave  transmission  coefficient  as  wave 
steepness  increases  (Fig.  10).  However,  for  a  submerged  breakwater  of  fixed 
geometry  the  wave  transmission  coefficient  declines  as  wave  height  or  steepness 
increases  (Fig.  10). 

b.  Estimating  Wave  Transmission  by  Overtopping  Coefficients.  Wave  trans¬ 
mission  by  overtopping  is  closely  related  to  wave  runup  and  overtopping  of  a 
breakwater.  Weggel  (1976)  found  that  overtopping  rates  are  a  function  of  the 
ratio  of  the  structure  freeboard,  F,  to  the  runup,  R,  on  a  similar  structure 
high  enough  to  prevent  overtopping  (Fig.  7).  Cross  and  Sollitt  (1971)  also 
recommend  the  dimensionless  parameter,  F/R,  for  predicting  wave  transmission 
by  overtopping  coefficients. 


Several  methods  are  available  for  estimating  wave  runup  on  smooth  imperme¬ 
able  slopes;  some  of  these  methods  are  summarized  in  Stoa  (1978).  The  runup 
prediction  equation  developed  by  Franzius  (1965)  gives  the  best  estimate  of 
wave  runup  for  predicting  wave  transmission  coefficients.  The  runup  is  given  by 


R  =  HCj 


0.123 


LX  (c2  'TO3*c3  ) 

H  / 


(10) 


»  where  L  is  the  local  wavelength  determined  from  linear  theory  using 


(11) 


and  Cj ,  C2,  and  C3  are  empirical  coefficients.  Franzius  suggests  values 

for  the  coefficients,  but  improved  coefficients  were  obtained  in  this  study 
using  the  data  of  Saville  (1955)  and  Savage  (1959)  with  a  nonlinear  error 
minimization  computer  routine.  The  recommended  values  of  the  empirical  coeffi¬ 
cients  are  given  in  Table  2.  These  values  are  linearly  interpolated  to  estimate 
values  of  the  coefficients  for  other  slopes.  An  advantage  of  using  equation 
(10)  is  that  it  includes  effects  of  wave  height,  structure  slope,  wave  steepness, 
and  the  ratio  of  water  depth  to  wave  height  on  wave  runup. 

The  runup  on  rough  slopes  is  also  a  complex  function  of  many  factors  (Stoa, 
1978).  Madsen  and  White  (1976)  give  an  analytical-empirical  model  for  estimating 


8  : 30  cm 


L 

0 


0.5 

8W  1 


_l 

1.0  m 


ds/gT2 


Q 

1 .20 

A 

1.13 

+ 

1  .07 

X 

1  .00 

❖ 

0.93 

+ 

0-87 

X 

0.80 

z 

0.73 

Y 

0.67 

X 

0.60 

}  Submerged 
Breokwoter 


Suboeriol 

Breokwoter 


H/gT2 


Figure  10.  Wave  transmission  and  reflection  coefficients  for  a  smooth 

impermeable  breakwater  (BW1,  d/gT2  =  0.016,  monochromatic  waves). 


Table  2.  Empirical  wave  runup  prediction  coef¬ 
ficients  for  smooth  impermeable  slopes. 


Front-face  slope 
of  breakwater 

C1 

C2 

C3 

Vertical 

0.958 

0.228 

0.0578 

1  on  0.5 

1.280 

0.390 

-0.091 

1  on  1.0 

1.469 

0.346 

-0.105 

1  on  1.5 

1.991 

0.498 

-0.185 

1  on  2.25 

1.811 

0.469 

-0.080 

1  on  3.0 

1.366 

0.512 

0.040 

runup  on  an  impermeable  rough  slope  armored  with  one  layer  of  stone.  Ahrens 
and  McCartney  (1975)  present  an  empirical  method  for  estimating  the  runup  on 
two  layers  of  riprap  overlying  a  0.2-meter  thick  underlayer  (Fig.  11).  In 
their  method  the  runup  is  predicted  as  a  nonlinear  function  of  the  surf  param¬ 
eter,  £, 

R  _  a£  tan  0 

H  “  1  +  b£  ;  ^  rj-  (12) 

v  Lo 

where  a  and  b  are  empirical  coefficients  with  values  of  a  =  0.956  and 
b  =  0.398. 


Both  the  Madsen  and  White  and  Ahrens  and  McCartney  prediction  methods  tend 
to  give  high  or  conservative  estimates  of  wave  runup  for  predicting  wave  trans¬ 
mission  coefficients.  However,  Hudson  (1958)  made  numerous  observations  of 
runup  over  a  wide  range  of  breakwater  conditions;  the  Ahrens  and  McCartney 
empirical  curve  (eq.  1)  was  fitted  to  the  Hudson  data  to  give  the  recommended 
runup  coefficients  of  a  =  0.692  and  b  =  0.504  (Table  3).  These  coefficients 
gave  a  lower  prediction  of  runup  than  that  given  for  riprap  (Fig.  12).  The 
equation 

R  0.692  £  (131 

H  1  +0.504  £ 

is  recommended  for  predicting  runup  on  stable  permeable  and  impermeable  stone 
breakwaters  until  a  more  comprehensive  model  becomes  available.  Coefficients 
for  dolos  were  also  estimated  using  Bottin,  Chatham,  and  Carper's  (1976)  data 
for  breaking  and  nonbreaking  waves  (Table  3).  Stoa  (1978)  provides  additional 
information  on  runup;  runup  data  for  nonbreaking  waves  on  breakwaters  are  pro¬ 
vided  in  Jackson  (1968)’. 

Runup  predictions  were  made  for  the  conditions  tested,  and  observed  wave 
transmission  by  overtopping  coefficients,  K To>  were  plotted  as  a  function  of 
F/R  (Fig.  13).  This  figure  shows  the  case  of  breakwaters  with  a  slope  of  1  on 
1.5.  The  upper  part  of  Figure  13  shows  results  from  BW1  for  tests  that  had  a 
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Table  3.  Wave  runup  prediction  coefficients  using  the  Ahrens  and  McCartney  (197S)  method. 


Armor 

unit 

No.  of 
layers 

1 

Permeability 

2 

a 

2 

b 

d 

gT2 

(range) 

H 

W 

(range) 

Cot  « 

(range) 

Source 

Rubble 

2 

I 

0.956 

0. 396 

0.0036  to  0.059 

0.0004  to  0.013 

2.5  to  5.0 

Ahrens  and  McCartney 
(1975) 3 

(large-scale  tests) 

Rubble 

0 

P 

0.692 

0.0088  to  0.08 

0.0004  to  0.02 

1.25  to  S.O 

Hudson  (195  8) 4 

Rubble 

0.775 

0.361 

5 

2.5 

Gunbak  (1979)& 

Dolos 

2 

1 

0.9*8 

_ 

0.703 

_ 

0.009  to  0.002 

0.0002  to  0.006 

_ 

2.0 

_ 

Bottin,  Chatham,  and 
Carver  (1976) 

*P  =  permeable;  I  =  impermeable.  ‘‘Means  of  observations. 

*R/H  ■  a£/(l*bC);  £  •  tan  5Conditions  unknown. 

^Revised  a  and  b.  ®1.2  <  £  <  4.8. 


Figure  12.  Wave  runup  prediction  for  rough  structures  using 
the  Ahrens  and  McCartney  (1975)  method. 
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Figure  13.  Wave  transmission  coefficients  for  smooth 

impermeable  breakwaters  with  1  on  1.5  slopes. 


breakwater  crest  width-to-structure  height  ratio  of  B/h  =  0.4.  The  lower  part 
of  the  figure  gives  test  results  from  Lamarre  (1967),  who  tested  structures 
with  smaller  values  of  B/h.  Although  there  is  some  scatter  in  these  data  sets, 
it  appears  that  the  wave  transmission  coefficient  decreases  approximately 
linearly  as  F/R  increases  and  that  this  linear  trend  is  found  for  submerged 
as  well  as  subaerial  breakwaters.  Most  of  the  scatter  occurs  where  the  crest 
elevation  is  at  the  Stillwater  level  (F/R  =  0)  for  BW1,  with  small  waves  having 
significantly  lower  wave  transmission  coefficients  than  are  present  in  the 
linear  trend.  Fortunately,  small  waves  are  generally  not  of  interest  for  design 
purposes.  The  few  irregular  waves  tested  with  BW1  suggest  that  wave  transmission 
coefficients  for  irregular  waves  follow  the  same  trend  as  for  monochromatic 
waves.  The  mean  wave  height,  taken  as  63  percent  of  the  significant  wave  height, 
should  be  used  in  equation  (12)  to  determine  the  effective  runup  for  predicting 
wave  transmission  coefficients  for  irregular  wave  conditions. 
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Comparison  of  the  upper  and  lower  parts  of  Figure  13  suggests  that  the 
structure  tested  by  Lamarre  (1967)  with  a  smaller  relative  crest  width  has 
slightly  higher  wave  transmission  coefficients  than  found  for  BW1. 

Results  from  laboratory  tests  by  Goda  (1969)  for  breakwaters  with  vertical 
faces  (Fig.  14)  have  the  same  trends  as  observed  for  breakwaters  with  1  on  1.5 


Figure  14.  Wave  transmission  coefficients  for  vertical,  smooth 
impermeable  breakwaters  using  Goda's  (1969)  data. 

The  recommended  formula  for  predicting  the  wave  transmission  by  overtopping 
coefficient  for  the  range  0.006  i  d/gT2  i  0.03  is 


where  C  is  an  empirical  coefficient  and  the  minimum  and  maximum  values  of 
Ky0  are  0.0  and  1.0,  respectively.  The  recommended  value  of  C  is  given  by 

C  *  0.51  -  -  ;  0<£<3.2  (15) 

for  smooth  impermeable  structures  tested  over  the  range  0  £.  B/h  £.0.86  and 
rough  impermeable  breakwaters  tested  over  the  range  0.88  £.  B/h  £.3.2  (Fig.  15). 
However,  for  submerged  breakwaters  tested  with  1  on  15  fronting  slopes,  equation 
(14)  underestimates  the  wave  transmission  coefficient.  For  example,  equation 
(14)  underestimates  the  wave  transmission  coefficient  for  BW14  when  submerged 
and  the  error  increases  as  the  breakwater  becomes  relatively  more  submerged 
(Fig.  16).  The  data  from  BW14  and  from  Saville  (1963)  show  that  for  submerged 
breakwaters  with  0.88  £_  B/h  £  3.2  and  with  a  1  on  15  fronting  slope  equation 
(14)  should  be  adjusted  to 

K To  "C^l-j^-fl-  2C)  jf  >  ^  <  0  and  1  on  15  fronting  slope  (16) 

Figures  17  and  18  illustrate  the  observed  and  predicted  wave  transmission 
coefficients  for  two  of  the  rough  impermeable  breakwaters  tested  by  Saville 
(1963)  for  two  values  of  crest  width.  Figure  17  shows  the  case  of  a  structure 
with  a  crest  width-to-structure  height  ratio  of  0.88;  Figure  18  shows  the  same 
information  for  a  much  wider  structure  with  a  width-to-height  ratio  of  3.2.  A 
scatter  plot  of  observed  and  predicted  transmission  coefficients  using  Saville' s 
(1963)  data  indicates  the  level  of  ability  to  predict  Ky0  (Fig.  19). 

The  above  discussion  shows  that  the  breakwater  freeboard  and  wave  runup 
have  a  major  influence  on  the  magnitude  of  the  wave  transmission  by  overtopping 
coefficient.  Breakwater  crest  width  has  a  much  smaller  effect  and  only  large 
changes  in  breakwater  crest  width  could  be  used  to  reduce  the  size  of  the 
transmission  coefficient  for  a  given  design  situation. 

Wave  transmission  by  overtopping  coefficients  may  be  predicted  for  imperme¬ 
able  structures  using  the  computer  program  OVER  (App.  F)  which  applies  methods 
described  in  this  section. 

c.  Influence  of  a  Breakwater  on  Other  Wave  Characteristics.  The  magnitude 
of  the  wave  transmission  by  overtopping  coefficient,  Kyc,  is  generally  the 
most  important  parameter  to  determine  for  the  design  of  an  impermeable  break¬ 
water  used  to  reduce  wave  height.  However,  in  addition  to  reducing  the  average 
wave  height,  the  breakwater  may  also  alter  other  characteristics  of  the  waves, 
such  as  spectral  shape  or  wave  height  distributions.  Since  these  additional 
wave  characteristics  may  be  considered  in  some  design  problems,  they  are  briefly 
discussed  below. 

The  case  of  monochromatic  waves  incident  on  the  structure  is  the  condition 
most  often  used  to  test  wave  transmission  of  laboratory  breakwaters  in  previous 
studies.  This  type  of  wave  is  similar  to  swell  wave  conditions  in  the  prototype 
where  the  incident  wave  height  and  period  are  approximately  constant.  Spectral 
analysis  of  water  level  records  for  gages  landward  of  the  breakwater  indicates 
that  a  significant  part  of  the  wave  energy  of  transmitted  waves  may  be  at 
harmonic  frequencies  of  the  forcing  wave  (Saville,  1963;  Goda,  1969).  The 
fraction  of  wave  energy  at  the  forcing  period  (Fig.  20)  shows  the  same  trend 


Figure  IS.  The  effect  of  the  relative  structure  width  on 
wave  transmission  of  impermeable  breakwaters. 


Figure  16.  Wave  transmission  coefficients  for  BW14. 
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Figure  17.  Wave  transmission  coefficients  for  a  breakwater 
tested  by  Saville  [1963)  with  B/h  =  0.88. 


F/R 


Figure  18.  Wave  transmission  coefficients  for  a  breakwater 
tested  by  Saville  (1963)  with  B/h  =  3.2. 
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Figure  19.  Observed  and  predicted  coefficients  of  wave  transmission 
by  overtopping  (Saville,  1963;  impermeable  breakwaters). 


H/flT* 

Figure  20.  Percent  of  wave  energy  at  the  forcing  wave  period 
for  wave  transmission  by  overtopping  of  a  smooth 
impermeable  structure  (monochromatic  waves). 


as  was  found  for  the  transmission  coefficient,  KTo  (lower  half  of  Fig.  10). 
Comparison  of  Figures  10  and  20  suggests  that  the  amount  of  wave  energy  found 
at  the  forcing  period  will  increase  as  the  transmission  by  overtopping  coeffi¬ 
cient  increases. 

The  case  of  irregular  waves  is  where  the  incident  wave  energy  is  distributed 
over  a  range  of  wave  frequencies  (several  measured  incident  laboratory  wave 
records  and  computed  wave  spectra  are  shown  in  Figs.  4  and  5).  Tests  with 
irregular  waves  indicate  that  the  shapes  of  the  incident  and  reflected  wave 
spectra  are  approximately  the  same  (two  examples  are  given  in  Fig.  21).  The 
approximately  constant  spectral  shape  is  shown  by  the  spectral -peakedness 
parameter,  Qp,  where  the  value  for  the  reflected  waves,  Qpr,  is  approxi¬ 
mately  equal  to  the  incident  spectral  peakedness,  Q p£  (Fig.  22).  The  shape 
of  the  transmitted  spectrum  may  be  approximately  equal  to  or  sharper  than  the 
incident  spectrum  (Fig.  22)  with  the  spectral -peakedness  parameter  of  the  trans¬ 
mitted  waves,  Qp£,  greater  than  or  equal  to  (Fig.  22).  Secondary  waves 

may  appear  in  the  transmitted  wave  spectrum  at  harmonics  of  the  period  of  peak 
energy  density,  Tp,  (Fig.  21). 

A  zero  up-crossing  analysis  (Fig.  23)  was  performed  on  the  wave  records  to 
allow  statistical  examination  of  individual  wave  heights  and  periods.  Since 
reflected  waves  contaminate  the  incident  wave  conditions,  an  analysis  was 
performed  for  the  record  from  each  gage,  then  results  averaged  to  minimize  the 
influence  of  reflection.  Cumulative  height  distributions  were  then  prepared 
for  incident  and  transmitted  waves.  The  cumulative  curves  were  put  into  dimen¬ 
sionless  form  by  dividing  by  the  observed  rms  wave  height,  H^g,  and  the 
dimensionless  heights  at  various  probability  levels,  p,  determined  (p  =  0.01, 
0.02,  0.05,  .  .  .  0.60).  A  plot  of  these  dimensionless  heights  for  transmitted 
versus  incident  waves  indicates  the  shape  of  the  transmitted  wave  height  distri¬ 
bution  as  a  function  of  the  incident  wave  height  distribution.  For  the  case 
of  a  breakwater  with  the  water  depth  at  the  crest  level  (dg/h  =  1.0  or  F  =  0) 
the  transmitted  wave  height  distribution  is  approximately  the  same  as  the 
incident  height  distribution  (Fig.  24).  If  the  water  level  is  below  the  crest 
elevation  (de/h  =  0.80,  positive  freeboard),  the  transmitted  wave  height  distri¬ 
bution  is  skewed  toward  larger  waves  (Fig.  25) .  This  means  that  the  larger 
transmitted  waves  are  bigger  than  predicted  by  the  transmission  coefficient, 

K To •  For  example,  at  the  5-percent  level,  transmitted  waves  are  30  percent 
larger  than  expected  from  the  overall  transmission  coefficient  and  at  the 
1-percent  level  100  percent  larger. 

The  above  observations  are  consistent  with  the  wave  transmission  by  over¬ 
topping  model  given  by  equation  (14).  At  zero  freeboard  the  transmission 
coefficient  is  approximately  constant,  so  all  waves  in  a  distribution  will 
transmit  the  same  amount  and  the  distribution  will  remain  unchanged.  However, 
for  subaerial  breakwaters  the  larger  waves  will  have  smaller  F/R  ratios  and 
transmit  more  efficiently  than  small  waves,  so  that  the  transmitted  wave  dis¬ 
tribution  is  skewed  toward  large  waves. 

The  joint  distributions  of  wave  heights  and  periods  observed  in  the 
laboratory  illustrate  the  same  overall  trends  found  in  the  field.  Larger 
waves  have  a  mean  period  approximately  equal  to  the  period  of  peak  energy 
density  in  the  spectrum,  Tp  (Goda,  1978),  with  the  average  wave  period 
decreasing  for  smaller  wave  heights  (Fig.  26).  The  correlation  between 
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Figure  21.  Sample  incident,  reflected,  and 
transmitted  wave  spectra. 
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Figure  26.  Sample  incident  and  transmitted  joint  distributions  of  wave 
height  and  period. 


heights  and  periods  (Goda,  1978)  was  observed  to  be  0.13  <  r(H,T)  5  0.26  for 
the  incident  wave  conditions  tested  with  approximately  the  same  values  for 
transmitted  waves.  The  major  difference  between  observed  and  transmitted 
joint  distributions  of  height  and  periods  is  that  the  mean  period  of  smaller 
waves  is  lower  for  the  transmitted  waves  (Fig.  26)  than  for  the  incident  waves. 

2.  Wave  Transmission  and  Reflection  for  Permeable  Breakwaters. 

a.  Observed  Trends  in  Transmission  and  Reflection  Coefficients.  As  a 
wave  approaches  and  interacts  with  a  rough  permeable  breakwater  the  sequence 
of  action  is  similar  to  that  for  an  impermeable  breakwater,  but  with  important 
differences.  First,  some  of  the  wave  energy  moves  through  the  permeable  break¬ 
water  and  this  flow  through  the  porous  medium  may  dissipate  a  significant 
amount  of  wave  energy.  Second,  because  the  breakwater  absorbs  some  of  the 
wave  energy  and  water,  the  runup  and  reflection  coefficients  on  a  rough 
permeable  breakwater  are  less  than  for  the  same  wave  condition  on  a  similar 
smooth  impermeable  structure.  If  the  runup  level  exceeds  the  height  of  the 
structure,  wave  transmission  by  both  overtopping  and  transmission  through  the 
structure  will  contribute  to  the  overall  transmission  coefficient,  Ky  (Fig. 
27). 
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kt  =  -/(k^o)2  ♦  (Kn)2  =  Hr/H; 

Figure  27.  Definition  of  terms  for  wave  transmission  for  permeable  breakwaters. 


The  relative  water  depth,  d/gT2,  is  one  of  the  most  important  parameters 
controlling  the  reflection  coefficient,  (Fig.  28),  with  the  reflection 

coefficient  increasing  as  d/gT2  decreases.  The  wave  steepness,  H/gT2 ,  and 
the  ratio  of  water  depth  to  structure  height,  dg/h,  have  less  influence.  In 
general,  the  reflection  coefficients  for  rough  permeable  breakwaters  are  much 
less  than  for  similar  smooth  impermeable  breakwaters  (Fig.  10).  Since  no 
comprehensive  model  is  currently  available  for  predicting  reflection  coeffi¬ 
cients,  laboratory  model  results  should  be  used  to  estimate  K^.  A  rough 
estimate  of  the  reflection  coefficient  for  permeable  subaerial  breakwaters 
may  be  obtained  using  the  method  of  Madsen  and  White  (1976)  (computer  program 
MADSEN  in  App.  G) .  Typical  comparisons  between  predictions  and  laboratory 
measurements  are  shown  in  Figure  29. 

The  wave  transmission  coefficient,  Ky,  is  primarily  a  function  of  wave 
steepness  for  a  given  permeable  breakwater  design  and  hydraulic  conditions 
where  there  is  no  transmission  by  overtopping  (Fig.  28).  Since  the  wave  steep¬ 
ness  increases  the  amount  of  energy  dissipated  on  the  face  and  inside  the 
breakwater  increases  (Madsen  and  White,  1976),  the  transmission  coefficient 
decreases.  However,  as  soon  as  the  wave  runup  level  exceeds  the  breakwater 
crest,  wave  transmission  by  overtopping  occurs  and  the  transmission  coefficient 
increases  with  increasing  steepness.  Figure  30  (lower  part)  shows  the  case 
where  no  overtopping  occurs  and  Ky  decreases  (low  steepness  waves),  then  Ky 
increases  with  increasing  steepness  where  transmission  by  overtopping  and 
transmission  through  a  breakwater  occur  simultaneously.  In  the  case  of  a 
submerged  breakwater  the  wave  transmission  coefficient  decreases  as  the  wave 
steepness  increases  (upper  part  of  Fig.  30). 

b.  Estimation  of  the  Coefficient  of  Wave  Transmission  Through  Permeable 
Breakwaters  Using  the  Madsen  and  White  Model.  The  advantages  of  the  Madsen  and 
White  (1976)  model  for  predicting  transmission  coefficients  are  that  the  model 
is  completely  self-contained  and  it  can  be  used  to  predict  coefficients  over  a 
wide  range  of  conditions.  Parameters  that  can  be  varied  include  the  breakwater 
height,  breakwater  width,  breakwater  slope,  the  size  and  relative  location  of 
various  layers  in  the  breakwater,  and  the  size  and  porosity  of  materials  used 
in  the  breakwater.  Another  advantage  of  the  model  is  that  it  can  be  used  to 
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Wave  transmission  and  reflection  Figure  29.  Sample  observed  and  predicted 

coefficients  for  BW3  (dg/h  =  0.69).  reflection  coefficients  for 

permeable  subaerial  breakwaters 


0.0001  0.001  001 

H/gT* 

Figure  30.  Wave  transmission  coefficients  for  a 
subaerial  and  a  submerged  breakwater. 

predict  coefficients  for  any  size  breakwater,  useful  when  designing  or  assessing 
scale  effects  in  small-scale  physical  models  (see  Sec.  V). 

The  Madsen  and  White  model  was  designed  for  manual  use,  but  because  of  the 
many  calculations  and  iterations  necessary,  manual  calculation  is  tedious.  The 
model  was  automated  as  a  part  of  this  study  in  a  FORTRAN  computer  program, 

MADSEN  (App.  G)  to  simplify  use  of  the  model.  Advantages  of  the  computer  pro¬ 
gram  are  that  only  a  few  input  cards  are  required  to  model  even  a  breakwater 
with  complex  geometry  and  the  program  computer  cost  is  very  low.  The  program 
includes  all  the  generality  in  the  original  model,  and  the  wave  transmission  by 
overtopping  model  developed  in  Section  IV, 1  is  also  incorporated.  Since  the 
Madsen  and  White  (1976)  technique  is  complex,  reference  is  made  to  their  publi¬ 
cation  for  details  of  the  model.  A  brief  summary  of  the  major  steps  in  the 
model  and  computer  program  is  given  below;  additional  information  on  the  com¬ 
puter  program  is  given  in  Appendix  G. 
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(1)  Determine  the  breakwater  cross-sectional  geometry  and  material 
characteristics  of  diameter  and  porosity. 

(2)  Estimate  the  energy  dissipation  on  the  seaward  face  of  the  breakwater 
assuming  it  is  rough  and  impermeable.  This  is  done  by  solving  Madsen  and 
White's  equation  (127)  implicitly  using  their  Figures  15,  16,  and  17  and 
applying  a  correction  factor  from  their  Table  2. 

(3)  Assume  as  a  first  approximation  that  the  head  across  the  breakwater 
is  equal  to  runup  determined  from  step  2  above. 

(4)  Transform  the  trapezoidal  breakwater  into  a  hydraulically  equivalent 
rectangular  breakwater  (see  Sec.  4.2  of  Madsen  and  White). 

(5)  Estimate  the  coefficient  of  transmission  through  the  structure,  K j>£, 
using  Madsen  and  White's  Figures  2  and  3  and  implicitly  solving  their  equation 
(57). 

(6)  Obtain  a  revised  estimate  of  the  head  across  the  breakwater  using 
Madsen  and  White's  equation  (161).  (Repeat  steps  4,  5,  and  6  until  a  con¬ 
verged  solution  is  obtained.) 

(7)  Estimate  wave  runup  on  the  breakwater  using  the  method  of  Ahrens  and 
McCartney  (1975)  and  the  coefficients  given  in  Table  3  of  this  study. 

(8)  Calculate  the  transmission  by  overtopping  coefficient,  Ky0,  using 
equations  (14)  and  (15)  in  this  study. 

(9)  Calculate  the  transmission  coefficient,  Ky,  using  Kj>£  from  step  5 
and  KfQ  from  step  8  and 


kt  =  A n  +  4o 

Madsen  and  White  compared  the  model  predictions  to  physical  model  results 
from  Keulegan  (1973)  for  rectangular  breakwaters  composed  of  one  rock  type,  and 
from  Sollitt  and  Cross  (1976)  for  a  multilayered  trapezoidal  breakwater  made 
of  riprap.  There  was  good  agreement  between  analytical  and  physical  model 
results  for  predicting  the  wave  transmission  coefficient  for  long  nonbreaking 
waves.  However,  the  following  questions  need  to  be  answered  to  determine  the 
range  of  usefulness  of  the  Madsen  and  White  model: 

(1)  How  useful  is  the  model  for  predicting  transmission  coefficients 
for  relatively  short  waves? 

(2)  Can  the  model  be  used  if  waves  are  breaking? 

(3)  Can  the  model  be  used  for  breakwaters  with  concrete  armor  units? 

(4)  Can  the  model  be  used  for  irregular  waves? 

(5)  How  sensitive  is  the  model  to  porosity  of  the  materials? 

(Porosity  is  an  input  parameter  and  although  it  probably  does  not  vary 
over  a  very  wide  range,  its  value  will  probably  not  be  known  accurately 
in  a  design  situation.) 
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Each  of  these  areas  is  discussed  below. 


(1)  The  case  of  the  relative  wavelength.  In  many  of  the  laboratory 
tests  the  wave  period  was  varied  to  cover  the  range  from  shallow-water 
long  waves  to  deepwater  short  waves.  Comparison  of  laboratory  data 
and  MADSEN  computer  program  predictions  shows  excellent  correspondence 
for  shallow-water  waves;  e.g.,  at  d/gT2  =  0.0065  (Table  4).  As  the 
relative  depth  becomes  larger  (the  wavelength  becomes  shorter),  the 
computer  program  slightly  overpredicts  the  observed  transmission 
coefficient  (Fig.  31).  This  means  that  the  prediction  method  is 
conservative.  Although  the  absolute  value  of  the  overprediction  is 
small,  the  percent  overprediction  may  be  large  (Table  4). 


Table  4.  Effect  of  relative  depth  on  prediction  of 
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1 BW12,  d  /h  =  0.04,  H/gT?  «  0.0015. 


The  ability  of  the  model  to  predict  wave  transmission  coefficients 
for  a  breakwater  constructed  entirely  of  armor  stone  is  shown  in  Figure 
32;  wave  transmission  coefficients  for  a  breakwater  with  a  front-face 
slope  of  1  on  2. ‘6  are  shown  in  Figure  33. 

(2)  The  case  of  waves  breaking  on  the  breakwater.  It  was  difficult 
in  the  laboratory  to  generate  long  waves  that  would  break  on  a  rough 
permeable  structure  without  any  overtopping.  However,  several  tests 
that  met  these  conditions  were  run  using  nonsurging,  breaking  waves 
(Galvin,  1968).  These  laboratory  tests  show  that  for  breaking  and 
nonbreaking  waves  the  coefficient  of  transmission  decreases  gradually 
as  the  incident  steepness  increases  (Fig.  34);  no  difference  was 
evident  between  for  breaking  and  nonbreaking  waves.  The  same 

trend  is  observed  in  Bottin,  Chatham,  and  Carver's  (1976)  data  for  a 
breakwater  with  dolos  armor  units.  Comparison  of  observed  and  predicted 
coefficients  of  transmission  through  the  structure  shows  good  agreement 
for  the  few  breaking  wave  conditions  tested  (Fig.  34).  These  few  tests 
suggest  that  the  Madsen  and  White  (1976)  model  can  be  used  for  breaking 
as  well  as  nonbreaking  waves. 
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0  64  5  ds/h  S  0.86 


Figure  31.  Observed  and  predicted  trans-  Figure  32.  Observed  and  predicted  trans¬ 
mission  coefficients  for  BW3.  mission  coefficients  for  BW12. 


(3)  The  case  of  breakwaters  with  concrete  armor  units.  The  fric¬ 
tion  factor  and  porous  media  flow  factors  for  concrete  armor  units  are 
unknown,  but  they  are  assumed  to  be  similar  to  the  properties  of  stone 
with  an  effective  median  diameter,  d50,  of 
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(17) 


Figure  35  shows  observed  and  predicted  transmission  coefficients  for 
a  breakwater  with  two  layers  of  dolos  armor  units.  There  is  excellent 
prediction  of  transmission  coefficients  for  long  shallow-water  waves 
with  the  Madsen  and  White  (1976)  model  overpredicting  transmission 
coefficients  for  waves  with  greater  relative  depth.  This  is  the  same 
trend  found  in  prediction  of  transmission  coefficients  for  rubble- 
mound  breakwaters. 


0.64  <ds/h  <0.86 
0.0065  <  d/gT2  <0.055 
0.0001  <  H/gT2  <0012 
B/h  =  0.43,  C  =  0.46 
o  =  0.692,  b  =  0.504 


Figure  35.  Observed  and  predicted  transmission  coefficients 
for  a  breakwater  with  dolos  armor  units  (BW9) . 
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The  model  also  does  a  good  job  of  predicting  the  coefficient  of 
transmission  through  a  permeable  breakwater  armored  with  tribars 
tested  by  Davidson  (1969)  (Fig.  36).  However,  the  effective  trans¬ 
mission  by  overtopping  coefficient,  C,  is  larger  than  would  be 
expected  from  Figure  15  for  B/h  =  0.30.  Fortunately,  the  observed 
transmission  coefficient  appears  to  be  approaching  a  value  of  approxi¬ 
mately  0.48,  the  limiting  value  of  the  overtopping  wave  transmission 
coefficient  for  this  breakwater  predicted  from  equations  (14)  and  (15). 
The  relatively  high  porosity  of  artificial  armor  units  apparently 
increases  the  size  of  the  wave  transmission  by  overtopping  coefficient 
over  a  limited  range  of  wave  heights  for  this  case  where  the  Stillwater 
level  is  above  the  core  and  close  to  the  breakwater  crest  (D.  Davidson, 
Chief,  Wave  Research  Branch,  U.S.  Army  Waterways  experiment  Station, 
personal  communication,  1979). 


Figure  36.  Wave  transmission  past  a  heavily  overtopped  breakwater 

with  tribar  armor  units  (laboratory  data  from  Davidson,  1969) 
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******* 


(4)  The  case  of  irregular  waves.  Laboratory  tests  with  a  wide 
variety  of  spectral  shapes  suggest  that  there  is  little  difference 
in  the  transmission  coefficient  from  one  spectral  type  to  another. 
The  overall  transmission  coefficient,  Kj>,  is  approximately  the 
same  for  a  monochromatic  test  as  for  an  equivalent  irregular  wave 
test  with  the  geriod  of  peak  energy  density.  Ip,  and  mean  incident 
wave  height,  H,  used  to  characterize  the  irregular  wave  conditions. 
Figure  37  shows  observed  and  predicted  transmission  coefficients  for 
a  rubble-mound  breakwater  tested  with  monochromatic  and  irregular 
waves.  The  ability  of  the  computer  program  MADSEN  to  predict  trans¬ 
mission  coefficients  for  irregular  waves  is  at  the  same  level  as  for 
monochromatic  waves  for  the  conditions  tested. 


0.61  1  ds/h  <  0.91 
0.002  S  d/gT*<  0.016 
0.00004  5  H/gT*  5  0.0 1 3 
B/h  =  1.82,  C  =  0.31 
o  =  0.692,  b  =  0.504 


Figure  37.  Observed  and  predicted  transmission  coefficients  for  BW16. 
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(5)  The  case  of  porosity  of  the  breakwater.  Porosity  of  each  of 
the  materials  must  be  known  in  order  to  use  the  computer  program 
MADSEN.  However,  in  many  design  situations  the  value  of  porosity 
may  be  poorly  known.  Typical  values  of  porosity,  P,  are  given  in 
Table  5.  The  recommended  method  of  determining  the  influence  of 
porosity  on  the  predicted  transmission  coefficient  is  to  run  the 
program  MADSEN  at  various  values  of  porosity  keeping  all  other  param¬ 
eters  fixed.  Figure  38  shows  predicted  transmission  coefficients  over 
a  range  of  wave  steepnesses  for  three  different  values  of  porosity. 

For  this  example,  the  absolute  change  in  produced  by  a  given 

change  in  P  is  largest  for  waves  of  small  steepness.  The  largest 
percent  change  in  Ky^  for  a  given  change  in  P  occurs  for  the 
steepest  waves  tested.  In  general,  the  same  trend  will  be  observed 
for  any  breakwater;  the  value  of  Ky^  will  increase  as  porosity 
increases  for  a  given  set  of  conditions.  However,  the  magnitude  of 
change  of  Ky>£  is  a  complex  function  of  all  of  the  parameters  in  a 
design  (breakwater  geometry,  water  depth,  wave  height  and  period, 
etc.).  A  sensitivity  analysis  with  the  use  of  the  program  MADSEN, 
similar  to  the  analysis  shown  in  Figure  38,  is  recommended  if  the 
porosity  of  proposed  materials  is  poorly  known. 


Table  5.  Porosity  of  various  armor  units  (from 
U.S.  Army,  Corps  of  Engineers,  Coastal 
Engineering  Research  Center,  1977). 
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c.  Wave  Transmission  for  Submerged  Permeable  Breakwaters.  The  coefficient 
of  wave  transmission  over  a  submerged  permeable  breakwater,  K ?0,  may  be  esti¬ 
mated  by  the  methods  given  in  Section  IV, 2.  However,  no  generalized  model  is 
currently  available  for  determining  the  coefficient  of  wave  transmission  through 
the  structure,  K ft'  Saville's  (1963)  data  for  similar  permeable  and  impermeable 
structures  show  that  the  total  coefficient,  lCy,  approaches  the  transmission  by 
overtopping  coefficient,  Ky^,  and  transmission  through  the  breakwater  becomes 
less  important  as  the  structure  becomes  more  submerged  and  the  incident  wave 
height  increases  (Fig.  39).  At  d^/h  2  1.2,  the  data  from  breakwaters  BW3,  BW3W, 
BW4 ,  and  BW4W  show  that  the  coefficients  of  transmission  through  the  structure 
are  approximately  zero,  so  that  Ky>0/Ky>  =1.0.  An  upper  estimate  of  the  coeffi¬ 
cient  of  transmission  through  the  structure,  K y>£,  for  a  submerged  breakwater 
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Figure  38.  Example  of  the  influence  of  porosity  on  the  predicted 

coefficient  of  transmission  for  a  rubble-mound  breakwater. 


tf$/h 


Figure  39.  The  relative  importance  of  transmission  by  overtopping 
as  a  function  of  the  incident  wave  height  and  the  water 
depth-to-structure  height  ratio  (after  Saville,  1963). 
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can  be  made  using  the  program  MADSEN  with  ds/h  =  1.0.  As  a  lower  estimate, 
KTt  ~  °-0  can  be  assumed.  Laboratory  results  from  BW13,  BW15,  BW1SW,  and 
BW16  show  that  even  using  Ky*  =  0,  methods  in  Section  IV,l,b  tend  to  give 
conservative  estimates  of  the  transmission  coefficient  for  submerged  permeabl 
breakwaters  (Fig.  40). 


Kt (observed) 

Figure  40.  Observed  and  predicted  transmission  coefficients 

for  submerged  permeable  structures  assuming  Kft  =  o. 


1.  Influence  of  a  Permeable  Breakwater  on  Other  Wave  Characteristics. 

Wave  energy  shifts  to  higher  harmonics  are  found  in  the  transmitted  wave 
records  for  monochromatic  wave  tests,  as  determined  for  overtopped  impermeable 
breakwaters  (Fig.  41).  The  energy  shift  is  primarily  a  function  of  incident 
wave  steepness  and  the  ratio  of  the  water  depth  to  structure  height.  The 
largest  shifts  of  energy  to  higher  harmonics  occur  for  steep  waves  where  the 
structure  crest  is  near  to  the  Stillwater  level  (Fig.  41). 


Figure  41.  Percent  of  wave  energy  at  the  forcing 
period  for  waves  transmitted  past  a 
permeable  breakwater  (monochromatic  waves). 

In  the  case  of  irregular  waves  the  higher  frequency  parts  of  the  reflected 
and  transmitted  spectra  tend  to  be  dampened  out,  so  relatively  more  wave  energy 
is  found  at  lower  frequencies  than  in  the  incident  spectrum  (Fig.  42).  This 
means  that  on  the  average  the  spectral  peakedness,  Qp,  of  reflected  and 
transmitted  spectra  is  greater  than  or  equal  to  the  spectral  peakedness  of 
incident  spectra  (Fig.  43). 

A  zero  up-crossing  analysis  of  wave  records  shows  that  on  the  average  the 
wave  height  distribution  shape  is  approximately  the  same  for  incident  and  trans¬ 
mitted  waves  for  the  irregular  conditions  tested  for  a  permeable  breakwater 
(Fig.  44). 

The  amount  of  wave  grouping  or  the  tendancy  of  large  waves  to  follow  large 
waves  and  small  waves  to  follow  small  waves  is  characterized  by  the  autocorrela¬ 
tion  of  zero  up-crossing  wave  heights,  p  (see  Sec.  Ill, 4).  Results  from  BW16 
show  that  the  autocorrelation  transmitted  waves  is  less  than  or  equal  to  that 
for  incident  waves  in  the  case  of  irregular  waves  incident  on  a  permeable  break¬ 
water  (Fig.  45). 

The  joint  distribution  of  transmitted  wave  heights  and  periods  for  an 
irregular  wave  condition  is  similar  to  that  found  for  smooth  impermeable  break¬ 
waters.  There  is  a  tendancy  for  lower  transmitted  waves  to  have  average  periods 
less  than  found  in  the  incident  joint  height-period  distribution  (Fig.  46). 

Both  the  incident  and  transmitted  larger  wave  heights  have  average  periods 
approximately  equal  to  the  period  of  peak  energy  density. 
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Figure  44.  Comparison  between  incident  and  transmitted  wave  height 
distribution  for  a  permeable  breakwater  (BW16) . 
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Figure  44.  Comparison  between  incident  and  transmitted  wave  height 

distribution  for  a  permeable  breakwater  (BW16) . --Continued 
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V.  MODEL  SCALE  EFFECTS 


1 .  Causes  of  Physical  Model  Scale  Effects. 

Wave  energy  dissipation  and  resulting  reduction  of  wave  height  produced  by 
a  breakwater  are  due  to  a  combination  of  laminar  and  turbulent  energy  loss  as 
well  as  wave  modification.  Little  information  is  available  on  scale  effects 
of  wave  transmission  by  overtopping,  but  scale  effects  are  probably  small. 

This  is  illustrated  by  Saville  (1963)  who  tested  wave  transmission  by  over¬ 
topping  for  similar  breakwaters  that  differed  by  a  scale  of  10.  There  was 
little  systematic  difference  between  the  results  of  tests  run  at  the  two  scales, 
with  the  small-scale  tests  being  slightly  conservative. 

Wave  transmission  through  permeable  breakwaters  is  controlled  primarily  by 
laminar  and  turbulent  energy  loss  of  flow  through  the  structure  (Wilson  and 
Cross,  1972;  Keulegan,  1973;  Madsen  and  White,  1976).  In  the  protoytpe  the 
wave  height  reduction  is  due  largely  to  turbulent  effects,  but  in  a  model 
laminar  and  turbulent  losses  may  be  important  so  that  a  model  underpredicts 
the  coefficient  of  transmission  through  a  breakwater.  The  size  of  the  scale 
effect  is  a  complex  function  of  model  design,  water  depth,  and  wave  height  and 
period. 

2 .  Interpreting  and  Applying  Laboratory  Results  to  Prototype  Conditions. 

The  recommended  method  of  estimating  scale  effects  of  transmission  through 
permeable  breakwaters  is  to  use  the  computer  program  MADSEN  to  predict  transmis¬ 
sion  coefficients  for  the  model  and  prototype.  The  physical  model  correction 
factor,  CF,  is  defined  as  the  expected  coefficient  of  wave  transmission 
through  the  structure  in  the  prototype  divided  by  the  coefficient  of  wave  trans¬ 
mission  through  the  structure  at  the  model  scale.  CF  is  determined  by  first 
running  the  program  MADSEN  with  prototype  conditions  to  determine  Ky^  (MADSEN 
prototype).  The  program  is  then  run  at  the  model  scale  to  determine  Ky^ 

(MADSEN  scale  model) .  CF  is  defined  as 


Kyt  (MADSEN  prototype) 
Ky^  (MADSEN  scale  model) 


(18) 


The  coefficient  for  wave  transmission  through  the  structure  measured  in  the 
physical  scale  model  should  then  be  multiplied  by  CF  to  estimate  the  prototype 
coefficient . 

For  example,  assume  that  the  laboratory  breakwater  tested  by  Sollitt  and 
Cross  (1976)  is  a  1  on  10-scale  Froude  model  of  a  prototype  structure  (Fig.  47). 
There  was  no  transmission  by  overtopping.  The  program  MADSEN  was  run  at  both 
model  and  prototype  scales  and  the  results  together  with  the  physical  model 
measurements  are  shown  in  Figure  48.  The  MADSEN  program  output  shows  that  the 
physical  model  was  probably  underpredicting  the  prototype  coefficient  because 
the  scale  model  has  proportionally  more  laminar  energy  loss  than  the  prototype. 
Even  in  this  large  1  on  10-scale  Froude  physical  model,  the  prototype  Ky^  is 
expected  to  be  as  much  as  20  percent  higher  than  in  the  scale  model  over  the 
range  of  conditions  tested. 
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Incident  troves 
T  =  7.9  s 


Figure  47.  Trapezoidal  multilayered  breakwater  tested  by  Sollitt 
and  Cross  (1976)  (prototype) . 
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Figure  48.  Physical  model  results  and  correction  factors  determined 
from  the  analytical  model  of  Madsen  and  White  (1976). 


VI.  EXAMPLE  OF  ESTIMATING  WAVE  TRANSMISSION  COEFFICIENTS 


****************  EXAMPLE  PROBLEM  **************** 


GIVEN :  T  =  7.9  seconds 
dg  =  3.56  meters 

Breakwater  top  width,  B  =  1.53  meters 
Breakwater  seaward  slope,  tan  6  =  0.667  (1  on  1.5) 


FIND:  The  influence  of  incident  wave  height  and  structure  height  on  the 
transmission  coefficient  for  the  permeable  breakwater  shown  in  the  upper 
part  of  Figure  49  (change  the  structure  height  by  varying  the  thickness  of 
horizontal  layer  1).  Also,  compare  the  predicted  transmitted  wave  heights 
to  heights  for  a  similar  smooth  impermeable  structure  (lower  part  of  Fig.  49). 


SOLUTION :  The  computer  program  MADSEN  (App.  G)  is  used  to  predict  wave 
transmission  coefficients  for  the  permeable  structure  and  the  program  OVER 
(App.  F)  is  used  to  predict  coefficients  for  the  smooth  impermeable  break¬ 
water.  The  transmission  coefficient  for  the  permeable  structure  decreases 
as  wave  steepness  increases,  until  overtopping  occurs  when  the  transmission 
coefficient  increases  with  steepness  (Fig.  50).  The  transmission  coefficient 
decreases  as  structure  height  increases  and  the  initiation  of  overtopping 
occurs  at  a  larger  value  of  the  incident  wave  height  as  the  structure  height 
increases.  The  similar  shaped  smooth  impermeable  breakwater  has  larger 
values  of  the  transmission  coefficient  for  the  steeper  waves  examined  (Fig. 
50)  because  the  runup  is  higher  on  the  smooth  structure.  However,  there  is 
no  transmission  for  the  impermeable  structure  for  the  small  waves  where  the 
runup  does  not  reach  the  breakwater  crest.  The  predicted  transmitted  wave 
height  as  a  function  of  breakwater  crest  height  is  given  in  Figure  51  for 
two  values  of  the  incident  wave  height. 


Material 

d50  (m) 

Porosity 

1 

0.381 

0  435 

Permeoble  Breakwater 

2 

0.190 

0  435 

3 

0  095 

0.435 

Figure  49.  Breakwater  cross  sections  used  in  the  example  for  estimating  wave 
transmission  coefficients. 
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Predicted  wave  transmission  Figure  51.  Predicted  transmitted  wave 

coefficients.  height  as  a  function  of 

breakwater  crest  height. 


VII.  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

The  primary  conclusions  from  the  tests  of  wave  transmission  and  reflection 
of  laboratory  breakwaters  conducted  for  this  study  are: 

1.  A  simple  formula  for  predicting  wave  transmission  by  overtopping 
coefficients  together  with  the  model  of  Madsen  and  White  (1976)  for  trans¬ 
mission  through  permeable  structures  can  be  used  to  obtain  estimates  of  wave 
transmission  coefficients. 

2.  Limited  tests  with  breaking  waves  suggest  that  the  methods  can  be 
used  for  breaking  or  nonbreaking  conditions. 

3.  Tests  with  irregular  waves  show  that  the  transmission  coefficient  for 
irregular  waves  is  approximately  the  same  as  for  a  similar  monochromatic  wave 
test.  The  mean  wave  height  and  period  of  peak  energy  density  are  the  param¬ 
eters  recommended  to  describe  irregular  waves. 

4.  Irregular  wave  tests  indicate  that  for  permeable  or  submerged  break¬ 
waters  the  incident  and  transmitted  wave  height  distributions  have  similar 
shape.  However,  smooth  impermeable  subaerial  breakwaters  have  height  distri¬ 
butions  biased  toward  the  larger  heights  for  irregular  waves  because  large 
waves  transmit  more  efficiently  than  small  waves. 

5.  Transmitted  and  reflected  spectra  for  irregular  waves  generally  have 
equal  or  higher  spectral  peakedness  than  incident  spectra. 

6.  Joint  wave  height -period  distributions  have  similar  dimensionless 
shapes  for  incident  and  transmitted  wave  records. 

7.  There  is  a  tendancy  for  wave  heights  to  be  less  grouped  after  they 
have  transmitted  past  a  breakwater. 

8.  Transmitted  wave  energy  may  appear  at  higher  order  harmonics  of  the 
incident  waves  for  monochromatic  wave  tests.  However,  the  tendancy  for  energy 
shifts  decreases  as  the  wave  transmission  coefficient  increases. 

9.  Additional  work  is  necessary  to  develop  generalized  models  for  predict 
ing  wave  reflection  coefficients  and  wave  transmission  through  the  crests  of 
breakwaters  armored  with  relatively  porous  materials,  such  as  concrete  armor 
units . 

The  recommended  steps  for  design  of  a  breakwater  for  wave  transmission  are 

1.  Use  the  computer  programs  MADSEN  and  OVER  to  estimate  transmission 
coefficients  for  preliminary  breakwater  design.  Alternative  designs  can  be 
tested  by  varying  parameters  such  as: 

(a)  structure  height 

(b)  crest  width 

(c)  seaward  and  landward  breakwater  slopes 

(d)  water  depth 

(e)  number,  thickness,  location,  and  diameter  of  materials 

(f)  porosity 

(g)  permeability 

(h)  wave  height 

(i)  wave  period 


2.  A  sensitivity  analysis  is  recommended  on  those  input  parameters  that 
are  poorly  known.  For  example,  if  there  is  some  uncertainty  in  the  value  of 
the  design  water  level,  predictions  should  be  made  over  the  range  of  expected 
water  levels  keeping  all  other  factors  fixed.  Comparison  between  the  predic¬ 
tions  at  different  levels  will  indicate  the  importance  of  water  level. 

3.  Estimate  reflection  coefficients  from  model  results. 

4.  If  possible,  final  breakwater  design  should  be  made  with  the  use  of 
physical  models.  The  program  MADSEN  can  be  used  to  assist  in  designing  and 
interpreting  physical  laboratory  models  and  results  for  permeable  breakwaters. 

Copies  of  the  program  decks  for  the  program  MADSEN  and  OVER  described  in 
Appendixes  F  and  G  may  be  obtained  from  the  Automatic  Data  Processing  Coordina¬ 
tor,  Coastal  Engineering  Research  Center,  Fort  Belvoir,  Virginia  22060. 
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APPENDIX  A 

BREAKWATER  GEOMETRIES 

Each  of  the  breakwaters  tested  is  assigned  an  identifying  code  (e.g.,  BW1) . 
This  appendix  includes  a  cross-section  drawing  and  a  brief  description  of  each 
of  the  breakwaters.  Note  that  breakwaters  1  to  12  (Figs.  A-l  to  A-14)  were 
tested  on  a  flat  tank  bottom;  breakwaters  13  to  17  (Figs.  A-1S  to  A-19)  had  a 
1  on  15  fronting  slope  3.75  meters  long.  Materials  used  in  construction  of  the 
structures  are  identified  by  a  circled  letter;  material  characteristics  are 
discussed  in  Appendix  B. 
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0  0.5  1.0  m  BW1 


Figure  A-l.  Breakwater  1  cross  section. 

BW1  is  a  smooth  impermeable  structure  tested  for  wave  transmission  by 
overtopping  and  reflection.  Note  that  simultaneous  measurements  of  wave 
runup  were  being  made  on  a  smooth  1  on  1.5  slope  in  an  adjacent  flume  by 
Ahrens  (1978)  while  the  breakwater  tests  were  underway  (see  Fig.  1). 


8  =  30  cm 


hs  =  70  cm 


Figure  A-2.  Breakwater  2  cross  section. 

BW2  is  similar  to  a  casson  breakwater  that  has  been  rehabilitated  by 
adding  rock  armor  units.  The  major  emphasis  of  these  tests  was  to  examine 
the  effects  of  wave  period  and  height  on  transmission  and  reflection.  Armor 
material  was  randomly  placed. 
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B -  40  cm 


Figure  A-3.  Breakwater  3  cross  section. 

BW3  has  an  armor  two  units  thick  of  angular  stone.  A  moderate  amount  of 
fitting  was  used  in  placing  the  armor,  especially  near  the  crest.  Core  material 
was  placed  by  dumping. 


B- 40cm 

H  hs  -  66  cm 
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0  0.5  1.0  m  BW3W 


Figure  A-4.  Breakwater  3W  cross  section. 

BW3W  is  similar  to  BW3,  except  that  a  5-millimeter-thick  metal  plate  was 
installed  in  the  center  of  the  structure.  The  caulked  plate  extended  from 
the  bottom  to  within  one  armor  unit  of  the  crest  (54  centimeters  high). 
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B  =  40  cm 


hs  =  66  cm 
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0  0.5  1.0  m 


BW4 


Figure  A-5.  Breakwater  4  cross  section. 

BW4  is  similar  to  BW3,  except  with  a  1  on  2.6  front-face  slope. 


B  =  40cm 


Figure  A-6.  Breakwater  4W  cross  section. 

BW4W  is  similar  to  BW4,  but  includes  a  54-centimeter-high  impermeable  plat 
in  the  center  of  the  structure. 
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B : 40  cm 


hs  -  33  cm 
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BW5 


Figure  A-7.  Breakwater  5  cross  section. 

BW5,  geometrically  similar  to  the  upper  part  of  BW3 ,  is  typical  of  a 
breakwater  built  in  relatively  shallow  water.  The  armor  unit  size  is  large 
compared  to  the  structure  height  and  the  core  size  relatively  small. 


B  :  30  cm 


hs  =  60  cm 


BW6 


Figure  A-8.  Breakwater  6  cross  section. 

BW6  was  made  of  three  triangular,  fine  wire  containers  filled  with  core 
material . 
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Figure  A-10.  Breakwater  8  cross  section. 

BW8  uses  dolos  artificial  units  as  part  of  the  armor  material  on  both  the 
front  and  back  of  the  structure  near  the  crest.  Stone  was  used  in  the  lower 
parts  of  the  armor.  A  moderate  amount  of  fitting  was  used  in  placing  the 
armor  units.  An  impermeable  cap  was  installed  toward  the  seaward  side  of  the 
crest . 


B  = 30  cm 


0  0.5  1.0  m 


BW9 


Figure  A-ll.  Breakwater  9  cross  section. 

BW9  is  similar  to  BW8,  except  that  armor  units  have  been  arranged  so  that 
all  of  the  dolos  units  are  on  the  seaward  side  of  the  structure. 


B  = 30  cm 


I _ I _ I 

0  0.5  1.0  m 


Figure  A-12.  Breakwater  10  cross  section. 


BW10  was  made  with  an  armor  one  unit  thick  of  well-fitted  rectangular  rock 
The  material  was  placed  with  one  surface  parallel  to  the  structure  face. 
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B  =  30  cm 


Figure  A-13.  Breakwater  11  cross  section. 

BW11  was  made  of  two  fine-wire  rectangular  baskets  that  enclosed  core-type 
stone.  The  primary  purpose  of  this  structure  was  to  examine  the  wave  trans¬ 
mission  and  reflection  characteristics  of  permeable  material. 
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Figure  A-14.  Breakwater  12  cross  section. 

BW12  is  a  structure  with  no  core  similar  in  geometry  to  breakwaters  8  and  9. 
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B  =  40  cm 


hs:  33cm 


I  on  15  Fronting  Slope, 
3.75  m  Long  . 


BWI3.I5 


Figure  A-15.  Breakwaters  13  and  15  cross  section. 


BW13  and  BW15  were  tested  with  a  1  on  15  fronting  slope  3.75  meters.  Note 
that  these  structures  are  the  same  geometry  as  BW5  (built  on  a  flat  tank  bottom). 


B -  40  cm 


hs  =  33  cm 


I  on  15  Fronting  Slope 


Smooth,  Impermeable 


BWI4 


Figure  A-16.  Breakwater  14  cross  section. 


BW14,  a  smooth  impermeable  structure,  has  the  same  outside  dimensions  as 
permeable  breakwaters  BW5,  BW13,  and  BW15. 
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8= 40 cm 


hs  =  33  cm 


Figure  A-17.  Breakwater  1SW  cross  section. 


BW15W  has  the  same  dimensions  and  materials  as  BW13  and  BW1S,  except  that 
a  22-centimeter-high  metal  plate  5  millimeters  thick  has  been  installed  in  the 
center  of  the  structure.  This  plate  prevents  transmission  through  the  lower 
part  of  the  structure. 


8  =60 cm 


Figure  A-18.  Breakwater  16  cross  section. 

BW16  is  a  one-ninth  scale  Froude  model  of  a  proposed  submerged  breakwater 
for  Imperial  Beach,  California. 


8  =  60  cm 


hs=60cm 

© 

1  on  15  Fronting  Slope 

1 

0 

0.5 

1.0  m 

BWI7 

Figure  A-19.  Breakwater  17  cross  section. 

BW17  is  a  vertical  permeable  structure,  similar  to  BW11,  with  the  rock 
retained  by  a  thin  wire  mesh. 


APPENDIX  B 

MATERIAL  CHARACTERISTICS 

Materials  used  to  construct  permeable  breakwaters  are  discussed  in  this 
appendix.  Each  material  is  identified  by  a  circled  letter  and  shown  on  the 
breakwaters  where  it  was  used  in  Appendix  A.  Figure  B-l  includes  photos  of 
samples  of  the  various  materials  (material  F,  not  shown,  is  similar  to  A  and 
B) .  Some  basic  parameters,  such  as  weights,  diameters,  and  porosities,  are 
shown  in  Table  B-l.  The  weight  distribution  of  each  of  the  materials  is 
given  in  Figure  B-2. 


igure 


Table  H-l.  Material  characteristics . 


Material 

Description 

w&5 

(g) 

WS02 

(g) 

W!53 

(g) 

dso 

(cm) 

A 

Angular  stone 

2,520 

1,530 

990 

8.3 

B 

Angular  stone 

4,680 

3,690 

2,900 

11.1 

C 

Angular  stone 

180 

68 

31 

2.9 

0 

Dolos 

405 

390 

390 

— 

E 

Flat  stone 

13,200 

11,200 

8,100 

16.  1 

F 

Angular  stone 

7,600 

4,900 

2,500 

12.2 

^Weight  at  which  8S  percent  by  weight  of  the 
material  is  heavier  than. 

2Wcight  at  which  50  percent  by  weight  of  the 
material  is  heavier  than. 

3Weight  at  which  15  percent  by  weight  of  the 
material  is  heavier  than. 

'‘Representative  diameter  corresponding  to  W5Q. 


B-2 .  Weight  distribution  of  the  construction  materials 
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APPENDIX  C 

TEST  RESULTS  (SINUSOIDAL  BLADE  MOTION) 
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b 

•  * 

.8** 

.58* 

.016 

,0016 

76  0 

I201-.21, 

TO. 

2.11 

*.* 

•  5oC 

•  560 

,0  16 

.  0022 

7*01101030. 

70. 

2.11 

1  3 

»u 

.52* 

.5?* 

•  016 

.0011 

70  v 

1241*36. 

TO. 

2.11 

1  *.* 

,<i97 

•  a  8  7 

,016 

.00** 

7*01101215. 

65. 

2.03 

1 

.9 

.551 

.551 

.016 

.0005 

78o 

1201221 . 

*5. 

2.01 

1.* 

•  a  6  8 

•  a  6  8 

,  0  !  6 

.0010 

7»0i2oillT. 

65. 

2.03 

7 

.9 

.*l7 

.*57 

.0  16 

.  0020 

78o 

1201211. 

65. 

2.03 

11.3 

,uu6 

•  u  u6 

,016 

.  0028 

7*0110123*. 

65. 

2.03 

15 

•  9 

.*58 

,*55 

.016 

.001* 

760 

12012*5. 

65. 

2.01 

22.1 

,<iS2 

•  M2 

,  0  1  6 

,  C  n99 

78c  iloi3U. 

60. 

3.06 

6 

•  1 

.*«* 

■  *** 

.007 

,  0007 

7  8  0 

1201117. 

6  0  , 

1.0* 

8.5 

•  <JOU 

tan« 

,007 

.ooo* 

7*01201123. 

60. 

3.06 

1  1 

•  T 

.“e2 

•  *02 

.007 

.0011 

7«(. 

120111(1. 

60  . 

1.0* 

16.1 

.433 

.433 

.007 

.0018 

78012011**. 

60. 

l.*5 

1 

•  S 

.*07 

•  «07 

.016 

.000* 

780 

1  2(1 1  150  , 

eO . 

l.*5 

*.6 

•  336 

•  356 

•  016 

.0012 

7*01201357. 

60  . 

1.65 

6 

•  b 

.115 

.315 

.016 

.0017 

78  ) 

1 20 1 *0  * • 

60  , 

1  .  *5 

*.6 

,26a 

.20a 

,016 

,0026 

7801201*11. 

60, 

1.65 

1  « 

•  0 

.781 

.281 

.016 

,0018 

78,' 

1201*5*. 

60, 

1.05 

2.0 

.2*3 

^93 

•  055 

.001* 

7*C12oi*CU, 

60. 

1 .05 

* 

.20* 

.20* 

.055 

.  003* 

70- 

<201*18. 

*0  . 

1.05 

T.S 

.16* 

•  16a 

,055 

,  0068 

7801201*31. 

60. 

1.05 

11 

.5 

.151 

.193 

.055 

.0106 

76  0 

1 201*25. 

*0  . 

1.05 

13.5 

.151 

•  1S3 

,055 

.0125 

7*0121 1157. 

55. 

1  .  *8 

1 

.7 

.**5 

.**  5 

.016 

.0005 

76: 

1211*01. 

55. 

1  .8T 

2.5 

.*02 

•  402 

•  016 

.0007 

7*0121 181 J. 

55. 

1.87 

2 

•  6 

.  *08 

.*05 

.016 

,  0008 

7  8o 

1 2 11 U06, 

55. 

1.87 

J.T 

.115 

.335 

,016 

.0011 

7*C  1  2  1  1  *  1  5, 

55. 

1.87 

5 

•  6 

.275 

.275 

.016 

,00(6 

76' 

' 21 1521  . 

95, 

1.87 

5.T 

.276 

.276 

,016 

.0017 

7*C12l 1*21 . 

55. 

1.87 

6 

.5 

•  ?2* 

.226 

.016 

.  002* 

7  tt  u 

121 1*28, 

55. 

1  .87 

12.5 

.1*0 

•  MO 

•  016 

,003b 

7*01211828. 

55. 

1.87 

It 

.1»< 

.1*0 

.01* 

,0016 

76C 

,21 1*15. 

59. 

I.8T 

.  e.« 

.20* 

•  ?oa 

•  016 

.005* 

7*0121 18*2. 

*«. 

1.85 

1 

.9 

.171 

.371 

.015 

.  0006 

76a 

1 2 1 I5*«. 

**. 

1.85 

1.8 

.257 

•  25  7 

,015 

.0011 

7*0 1 2 1 159*. 

«*. 

1  ■  *5 

5 

•  6 

.?1* 

.207 

.0!  5 

,(117 

7«  1 

121 1*00. 

«*. 

1  .65 

8.2 

.165 

•  U5 

,015 

.002* 

7  8  0  1 2 1 1606. 

**. 

1.88 

12 

•  3 

.'  1* 

.  1  So 

.019 

.00  17 

79i 

1  2  1 1  *  1  2  • 

«*. 

1  .65 

IT. 5 

.12" 

.120 

,015 

.0052 

7*0121 1*11 . 

*5. 

2.65 

1 

•  6 

.1*1 

.  3*3 

.007 

.C102 

7  6  f 

1211*18, 

*5. 

2. *5 

*.6 

.227 

.227 

.007 

.0007 

7*0121 16**. 

*5. 

2.65 

1  0 

.7 

.151 

.1*1 

.  0  0  7 

,0016 

7  8 1. 

1 2 11 *5 1 . 

*9. 

2. *5 

15.  » 

.110 

•  130 

,007 

.0021 

760121 1*5*. 

*5. 

1.0* 

2 

.0 

,  ?7  8 

.276 

.016 

.0007 

7  8  c. 

'.117*5. 

*5. 

1  .6* 

6.3 

.1*9 

.149 

,016 

.0021 

780 1 2*l7l 1 . 

*8. 

1  .*« 

1  1 

.5 

.108 

.  1  05 

.016 

,00*8 

7«0 

12117)7. 

*5. 

1  .** 

l*.l 

.0*6 

.096 

,016 

,0068 

7*012(1721. 

*5. 

•  «1 

a 

•  6 

.037 

.017 

.055 

.  0057 

780 

1211729. 

*5. 

.*1 

*.7 

.Oil 

.033 

.055 

.0120 

RMEAKmATEB  Urn 


7*0 

11*1155, 

85. 

3.65 

f  6 

.888 

.8*6 

.007 

.0905 

70C 

1  1 8 l 1 u* , 

65. 

1.65 

1.1 

,857 

•  0S  7 

,00  7 

,0001 

7*0 

11*11*0. 

85. 

3.65 

2 .  * 

.816 

.007 

•  0002 

7»C 

t !  8 1 1 32. 

65. 

1.65 

6.1 

,»o* 

•  0^4 

,007 

.1)105 

78  j 

118112*. 

65. 

3.65 

».l 

,78* 

,  ?»6 

.007 

•  com 

7*' 

1181116. 

65. 

1.65 

1  1.  1 

,7  76 

•  7  7b 

MOT 

.3010 

T*o 

1  1*17*7. 

69. 

2.3? 

1.3 

,8*6 

,8*6 

.016 

.0502 

70; 

118122-. 

6  5, 

2.1? 

2.8 

.864 

•  0*0 

,0  16 

,0005 

78* 

118121*. 

69. 

2.5? 

5.* 

.»?7 

.827 

.3  1  6 

.0011 

70C 

!l"l?(». 

*5. 

2.12 

12,6 

,7*0 

•  790 

,016 

.002* 

7*o 

1181201. 

89. 

2.12 

I*. 2 

.7** 

.7** 

.  0  1  6 

•  ocss 

700 

1 181211. 

"5. 

1  .26 

1.* 

•  ••• 

mm 

,nSS 

.00)2 

780 

118125*. 

85. 

1.26 

3.9 

.*«* 

.**8 

.055 

.00  20 

70  0 

1 l8i?*5. 

*5. 

1.26 

6.0 

.*25 

M?S 

•  0b5 

.001* 

7*0 

11*1258. 

e5. 

1.26 

1  1.* 

.*3? 

.312 

.055 

.0376 

70c 

Il*li*l. 

84. 

2.25 

1.3 

,*C« 

•  909 

,016 

.000  1 

78o 

11*145*. 

80, 

2.25 

2.8 

.816 

•  6  3  6 

•  016 

.0006 

7«c 

1  1  *  1  427, 

64, 

2.25 

6.0 

,781 

•  7*J 

,016 

.0012 

7“0 

1181424. 

94, 

2.25 

13.4 

.661 

•  661 

.016 

•  0026 

70: 

11*1411. 

*4. 

2.25 

18.5 

.5*1 

•  Ml 

.016 

.30*7 

7*0 

1  18)80  3. 

76. 

J.*2 

.* 

.*7* 

.974 

.007 

•  0001 

70; 

1  1*0806, 

76. 

3.  *2 

«.C 

.727 

•  727 

.0  47 

.  0001 

7“0 

1 1 *08 1 5 , 

3 .  *2 

13.* 

.556 

•  bb6 

.007 

.0012 

70' 

•  1  *3851  . 

76. 

2.1* 

1.3 

,  *  *6 

•  046 

•  016 

.3091 

780 

1180**2. 

2.18 

2,6 

.77* 

•  m 

.016 

•  0006 

700 

11*9816. 

76. 

2.1* 

5.# 

.736 

•  716 

•  016 

.90)2 

780 

1180*21. 

76. 

2.1* 

16.0 

.877 

•  V? 

.01* 

.0054 

70C 

1  18v656, 

76. 

1.1* 

2.2 

,8*8 

,040 

.  ObS 

,9916 

780 

1  1*3*32. 

76. 

1.1* 

*  •  u 

.766 

•  7hb 

,  055 

•  0M2 

7*C 

11*3*.*. 

76, 

1.1* 

13.2 

.61* 

•  614 

.  ObS 

.  9075 

7»9 

1  1*  ^l*. 

76. 

1.19 

15.0 

.**8 

•  492 

.055 

.0110 

700 

1  1  7  1  M  *  . 

71. 

2.11 

1.* 

,658 

,6S0 

,016 

,000* 

78C 

117112*. 

74. 

2.11 

’.t 

.57  ! 

.**1 

.016 

.3012 

700 

1 I’llli. 

71. 

2.11 

7.1 

.526 

•  S?6 

,016 

.0017 

7*3 

117H36, 

70. 

2.1 1 

*.? 

.*94 

•  490 

.016 

.0022 

700 

11713-2. 

71. 

2.11 

13.1 

.*77 

.477 

,016 

.0010 

?»0 

1 17; !**, 

71. 

2.11 

1*.2 

.*51 

•  Ml 

.016 

,0044 

7«C 

1 1 71 ?5S. 

65. 

2.03 

2.1 

,587 

•  107 

•  016 

.0096 

7*: 

1  IT;?*?, 

65. 

2.01 

*.6 

.Ml 

.131 

.016 

•  001  1 

70: 

1 I’l?.*, 

65. 

2.13 

8.1 

.  16* 

•  169 

,5  16 

.0*21 

7*0 

: 1*1 2*9. 

65, 

2.'.  1 

11.8 

.58- 

•  itO 

.016 

M 

70' 

'I’ll  1 . 

65. 

2  »  3  1 

15.8 

,1*5 

•  Mb 

,  016 

.901* 

7*  1 

1  1  7  : 1 1  7  , 

65, 

2.03 

1  *  .  6 

.*0  1 

.4-3 

.016 

,  J  3  M  6 

70  ' 

1  1  7  1 1 1  *  . 

6  4, 

3.06 

2.1 

.  185 

•  Mb 

,007 

.  0002 

V  + 

: 

61. 

3,06 

8.2 

.8*6 

.4  07 

.  nc5 

7  0  L 

1)71-11. 

64, 

5.46 

6.1 

,  ?  6  0 

•  2*o 

,007 

.  9007 

?  >6 

•  i  * :  •  1 7 , 

63  , 

1.36 

8.5 

.29  r 

•  M2 

.4  57 

.13;* 

700 

1171--*. 

63, 

1.36 

1  1.8 

,878 

.057 

.0011 

:  1’liM. 

63  . 

I  •  C  6 

16.3 

•  126 

•  J2# 

.  0  0  7 

.3016 

700 

1 1 71 45*. 

61. 

l.«* 

1 .6 

.  1*8 

•  5  4  0 

,516 

,003* 

*0 

1 1*1*95, 

61. 

1  .*8 

3.2 

.?»* 

•  m 

.016 

.330* 

700 

1 1 71 1  11  , 

69. 

1  .** 

*.6 

.211 

•  J1S 

,016 

.0012 

•  .  »  1  1  1  7  . 

63  . 

l.*5 

6.5 

.741 

•  |A1 

.016 

.3"17 

700 

117112*. 

61. 

I.** 

9.6 

.1*1 

•  Ml 

,016 

.0426 

•  • 

V  ,  I'. 

6  .  . 

1  .*5 

1  1.8 

.246 

.016 

.311’ 

70C 

11 71 , 16. 

61. 

l.** 

t«.l 

,2*6 

•  <*  46 

.016 

.0051 

•  • 

•  » •  , 

6  ■ 

i.es 

2,« 

.?*' 

,(•56 

.on* 

700 

1171215. 

61. 

1.05 

«.! 

.  1  6? 

•  16* 

,  Cb6 

,04  18 

SINE  blade  Morton 
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T8ut !Tl?n«. 

AO. 

1.05 

5.4 

•  147 

.147 

.056 

.0050 

?»0II»I15*. 

*0, 

1.08 

11.7 

.11* 

.11* 

.056 

,0108 

7*31170*22. 

5k. 

1.8* 

1 .8 

.327 

.127 

-.016 

,0005 

7«0tlf9455, 

5*. 

1.88 

l.t 

•  221 

.221 

.016 

.0010 

7*01170*4?, 

5*. 

1.88 

8.0 

•  1*1 

•  141 

.016 

.0023 

78011TI000, 

5*. 

1.88 

17.6 

•  144 

.14* 

.016 

.0051 

7**1 lTo*»8, 

50. 

l.t* 

8.5 

•  051 

.051 

.016 

,0027 

7*01170*01. 

50, 

1.7* 

t*.l 

•  04! 

•  0*5 

.01* 

.0058 

8Rf  AKu  ATE*  5 

7*s?0| 1  IS*. 

75. 

1.0 

3.1 

•  *7  4 

.874 

.007 

.0003 

7852011222. 

75. 

3. *2 

13.4 

.81* 

.818 

.007 

.0012 

78U20111?*, 

75. 

2.18 

5.5 

.*?« 

.474 

.01* 

.0011 

7*’201 1250. 

75. 

2.18 

1*.5 

*»»* 

».»♦ 

.01* 

.0042 

7*9201 1  J4l. 

75. 

1.18 

«.l 

•  47o 

.470 

.055 

.4068 

78ol3ll3S*. 

60. 

3.0* 

5.6 

.855 

.855 

.00* 

.0006 

780 1 Jl 1 220, 

*0. 

1  «*? 

,  8 

♦  *»* 

.01* 

,0002 

7801111252, 

*0. 

»  »®7 

3.* 

**** 

.01* 

,0004 

7*02021211. 

45. 

t.Ol 

1.* 

.4*8 

.4*0 

•  oil 

.0010 

7802081211. 

45. 

2.01 

14.8 

>i|  1 

.*11 

•  Oil 

.0017 

7*02021 t 1 7, 

45. 

1.60 

3.0 

»•»* 

4.4  4 

.01* 

.0011 

7*02021117. 

45. 

1.04 

4.4 

.4*5 

.4*5 

•  016 

.0023 

7*02021118. 

45. 

1.6* 

13.9 

.79* 

.714 

.016 

.0058 

7*02021011, 

45. 

1.1* 

4.1 

.  4fl  1 

•  »01 

.033 

.  00  30 

78020210SO. 

45. 

1.18 

8.4 

.*19 

.*1* 

,013 

.0062 

780202100*. 

45, 

.«1 

5.5 

.*20 

.*20 

.055 

,0068 

7802021117. 

51. 

1.14 

1.4 

.550 

.510 

•  016 

.0007 

7*02021 355, 

11. 

1.3* 

3.8 

.4«9 

.40* 

.016 

.0020 

780202101*. 

11. 

1.34 

8.5 

.575 

.375 

.016 

.0045 

BREA***!!!  * 

7*020719-5. 

75. 

3.42 

.9 

.292 

.742 

.007 

.0001 

7802071102, 

75. 

3.»2 

6.2 

■  6*9 

.*8* 

.007 

.0005 

7802071220, 

75. 

2,«fl 

2.2 

.*05 

.805 

.011 

.0003 

7*0207 1 21S , 

75. 

e.to 

4.2 

.716 

.710 

.Oil 

.0014 

7*o*o7o»ufc, 

75, 

2.18 

1.3 

.*51 

.*51 

.016 

.0003 

7*020fl000. 

75. 

2.1* 

3.5 

.7*4 

.744 

.016 

.0008 

78c207l/)l9, 

75. 

2.1* 

7.1 

.757 

.717 

.016 

.0015 

7*C20? 1 0  IS, 

75. 

2.1* 

14.2 

.**! 

.6*3 

.016 

.0010 

780207)1**. 

75. 

1.40 

10.4 

.755 

.7*4 

.03* 

.0057 

7*02}7ll|7, 

75. 

1.1* 

2.2 

.*21 

.*21 

.055 

.0016 

7*0207112*, 

75. 

1.18 

1  «.2 

.’11 

.711 

.055 

.9104 

7*020611*7, 

*0. 

3.C* 

3.1 

.525 

,525 

.007 

,0004 

7*020*01 55. 

*0. 

2.32 

5.1 

.4*1 

.4*1 

•  Oil 

.0010 

7*020* 1 01 », 

*0. 

1.75 

3.8 

.49* 

,448 

.016 

.0010 

7*020*1012. 

80. 

1.95 

14.4 

.“*7 

<«07 

.01* 

,00«0 

7*020*1218, 

to. 

1.25 

2.5 

.1*3 

.364 

.034 

.0016 

780206 1 2S0 • 

*0. 

1.25 

*.8 

.14! 

.391 

.039 

.  0043 

71:20»i»si . 

so. 

1.05 

2.1 

$  ?  0 

.2eo 

.05* 

.0014 

78020*111*. 

*0. 

1.C5 

7.u 

.2*7 

.056 

.00*8 

7*02o*!2;u. 

45. 

2.'!* 

1  .* 

.550 

.  006 

.0032 

T*:20*!2|7» 

45. 

2.?* 

6.  1 

.17* 

.IT* 

,006 

•  0  C  0  8 

7*02.51012. 

45. 

2.05 

1.0 

.too 

,60* 

.007 

.000  1 

78020810*8, 

45. 

2.05 

4,0 

.#30 

.630 

.007 

.098* 

7*02a7iusi. 

45. 

l.t! 

13.4 

.234 

.11* 

.007 

.0929 

7802080*52, 

45. 

1 . 1 4 

3,5 

«*26 

.02* 

,  0  1  7 

.0913 

7*02071422, 

45. 

1.04 

14.7 

.25? 

.137 

.016 

,0053 

7*02081857. 

45. 

.*1 

5.8 

.1*7 

.1*7 

.055 

.  0071 

BfcEA«*4T|M  T 

7802121422. 

**. 

2.85 

.7 

.114 

.554 

,007 

,9001 

7*u2 121 u 14 , 

•  5. 

2.81 

2.4 

.*0* 

.4*8 

.007 

.0004 

78o?121«u7, 

-5. 

2,8! 

11.8 

.31* 

.128 

.007 

.0020 

7*02121 155 . 

4l. 

l.*« 

2.3 

.3*7 

.1*7 

.016 

.0008 

7*02121*08. 

41. 

l.t* 

4.4 

.2*3 

,  2°i 

.016 

.0035 

7*521  ?! u55. 

-5. 

•  »1 

1.7 

.15? 

.132 

.055 

,0021 

7* '2121*0*, 

45, 

.»1 

4.4 

.041 

.0*1 

.055 

,011* 

7*02121*1*. 

83. 

l.Ot 

8.0 

.7*1 

.7*7 

.007 

.0004 

7*02121145. 

*0, 

I.»» 

1.2 

.8*1 

,1*5 

.016 

.0003 

7802121117, 

*0. 

1,1! 

».5 

.*11 

.411 

.016 

.  0025 

7*02121*12. 

*0, 

1.01 

1.4 

•  *|1 

.*!  1 

.056 

.0018 

7*02121841. 

to. 

1.01 

14.* 

.To* 

.708 

.056 

.0101 

7*02111012. 

75. 

3.42 

2.8 

,*0» 

,8cT 

,007 

.0002 

7*02111010. 

75. 

3.42 

12.7 

.743 

.703 

.007 

.0011 
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7801171201, 

*0. 

1.05 

*.4 

.125 

.125 

,95* 

,00*4 

7801171151. 

60, 

1.05 

12.4 

.12“ 

.124 

,05* 

.0114 

7801170424, 

5*. 

1.*8 

2.6 

,267 

,2*7 

,916 

,000* 

7*01  17094!  , 

3*. 

1.88 

5.4 

.177 

.177 

.91* 

,001* 

7*01170453. 

S*. 

1.88 

12.4 

.11“ 

.114 

,91* 

,0036 

780117084) . 

50. 

1.7* 

5.6 

.022 

.022 

.01* 

,001* 

7801170855. 

50. 

1.78 

12.6 

.05* 

.058 

,01* 

.00*1 

7*0201 1205. 

75. 

3.42 

6.5 

.*46 

.*46 

.907 

.0006 

7*02011120. 

73. 

2.1* 

2.7 

,979 

,4T4 

.91* 

,0906 

7*0201 H 36. 

75. 

2.1* 

10,6 

4**4 

.01* 

.0321 

7*02011236. 

75. 

1.1* 

3.9 

.47? 

.9*2 

,955 

.002“ 

7*01311328. 

*0, 

3.09 

2.5 

,874 

,«79 

,90* 

.0901 

7*013113*4. 

*0, 

3.09 

11.5 

.*71 

.973 

.00* 

.0012 

7*0! 31 12*2. 

to. 

l.*7 

1.7 

4444 

•  *** 

.01* 

,000* 

7*01311302. 

*0. 

1.97 

T.« 

.441 

,9«M 

,01* 

.0014 

7602021219, 

45, 

2.01 

5.5 

,4*4 

,9u9 

.011 

.0014 

7802021(0*. 

*5. 

I. *4 

1.0 

4444 

•  ••• 

.01* 

.0004 

7802021124. 

“5. 

1  .*4 

4.3 

.4*9 

,999 

.016 

.0015 

7802021 1 *5. 

45. 

l  .*4 

4,6 

.42* 

.928 

.016 

.0034 

7*02021825. 

45. 

1.1* 

2.8 

.411 

.91 1 

.031 

.0021 

7*020210““. 

“5. 

1.1* 

6.5 

.867 

,6b7 

.033 

,0048 

7802020914. 

*5. 

•  «1 

2.1 

,466 

.969 

.055 

.002* 

7*02021016. 

45. 

.41 

4.1 

,744 

•  7<u 

.055 

.0113 

7*0202134*. 

11. 

1.34 

2.* 

.43* 

•  <na 

.016 

.0015 

7*02021404. 

31. 

1.34 

5.4 

.372 

.IT  2 

.016 

.0031 

7*020*1*25. 

31. 

1.39 

4.* 

.354 

.15* 

.016 

.0052 

7*1,2071954, 

75. 

3.42 

2.» 

.712 

.732 

.007 

.0003 

7802071(0*. 

75. 

3.42 

13.2 

.687 

.687 

.007 

.0012 

7802071227. 

75. 

2.60 

4.5 

.760 

.760 

.Oil 

.0007 

7802071304, 

75. 

2.60 

17.8 

•  744 

.7*8 

.Oil 

.0027 

7802070952, 

75. 

2.1* 

2.5 

.815 

.*15 

,016 

.0005 

7802071010, 

75. 

2.1* 

5.1 

.7*8 

.Tub 

.016 

.0011 

7802071027. 

75. 

2.1* 

10.0 

.717 

.717 

.016 

.0021 

7802071145, 

75. 

1.40 

5.7 

.7*8 

.788 

.03* 

.0030 

7*0207120!. 

75. 

1,40 

14.8 

.7*7 

.747 

.039 

.0077 

7802071)23. 

75. 

1.1* 

6.4 

.712 

.712 

.055 

.0047 

7»o?06l 1 32. 

69, 

1.06 

.9 

.735 

.715 

.007 

.0001 

78020*115*. 

60. 

3.06 

10.3 

,4*7 

,487 

.007 

,0011 

78020*0204. 

60. 

2.32 

11.4 

.400 

,490 

.011 

.0022 

7832061021 . 

69, 

1.95 

7.5 

.474 

,47u 

,016 

,0020 

78020*1040. 

60, 

1.95 

14.6 

.43* 

.439 

,016 

.0051 

78o20*122«. 

60. 

1.23 

3.2 

.164 

.184 

.03* 

.0014 

7*02061321. 

60  , 

1.25 

M.3 

.361 

.361 

.019 

.0074 

78c?0fcl 9 59, 

69, 

1,05 

1.8 

.266 

,2*6 

,056 

.0015 

7*02.161119, 

60, 

1.05 

14.3 

.3*6 

,3*6 

.05* 

.0132 

7*02081213. 

“5. 

2.86 

3.1 

,46» 

,4*9 

.00* 

,0004 

760206 1226. 

45, 

2,86 

6.9 

.328 

.328 

,006 

.0011 

7802081034, 

*5, 

2.65 

2.0 

.314 

.334 

.007 

.0001 

7*02071*35. 

45. 

2.65 

10.0 

.271 

.27| 

,007 

.0015 

78020*1924. 

45. 

I. *« 

1.* 

.499 

.4*9 

.017 

,0007 

7«0247  1S0! . 

45. 

1.6* 

7.3 

.114 

.334 

,016 

,0026 

7802081952. 

43, 

.41 

1.6 

.25* 

.254 

,055 

,0020 

78020*1107, 

45. 

.91 

6.3 

.117 

.137 

.055 

.0102 

7802121428. 

4!. 

MI 

•  9 

,*** 

■  499 

.007 

.0002 

7»r?i2i*“9. 

*5. 

2.9* 

•  « 

.31* 

.334 

,007 

.000* 

78f  ? 1 2 1 3*4 , 

45. 

1.99 

•  1 

.“57 

.437 

,016 

.000* 

7*02121451. 

*5. 

1  .99 

.9 

,277 

.277 

.01* 

,001* 

76c?121»I4. 

“5. 

1  .*9 

it 

*1 

.726 

.126 

,016 

,0030 

780  2121501 . 

“5. 

.91 

,a 

,963 

,083 

,053 

.005* 

7802121612. 

60, 

1.09 

•  9 

,6*4 

•  6*4 

,007 

.0002 

7802121625. 

•  ». 

1.0* 

15 

,« 

,  7*0 

.780 

,007 

.0017 

7*02121551 , 

69. 

1.99 

•  I 

.»*! 

.7*1 

.01* 

.0012 

7*02121603. 

69, 

1  .99 

14 

•  9 

.6*1 

.6*1 

.01* 

.0053 

7*02121*34, 

60, 

1.09 

•  T 

.735 

.75! 

,03* 

.  »33 

7*021 31901. 

73. 

>.92 

•  I 

.800 

•  6  9  p 

.007 

,0001 

7802131921 . 

75. 

1.92 

,9 

,794 

.744 

,007 

,0003 

7802110414. 

73. 

2  til 

.1 

.*27 

.«2T 

.’1* 

,0005 

Jit.  y. 
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t*32-.io*22. 

IS 

t.18 

2.9 

.*10 

.*19 

.019 

.0009 

7802ii>*«l. 

?s. 

(.1® 

10. f 

.M 

.299 

.019 

.002] 

T*a*t  9i*ai , 

TS. 

1.18 

2.2 

.999 

.999 

.099 

.0019 

7®U2l5l0S4. 

n. 

1.1* 

t».9 

.Ml 

.694 

.099 

.0104 

SR(AK«ATfR  ® 

7*021»1414. 

as. 

1.9* 

1.9 

.770 

.270 

.0)9 

.0009 

7*021  a l *J*. 

»s 

1 .99 

9.7 

•  171 

.121 

.019 

.002* 

T'^iaiaSS, 

<•5. 

1.99 

11. B 

.oTi 

.071 

.019 

.0004 

7*02|5|»*», 

•  0. 

l.*S 

I.S 

.211 

.291 

.019 

.0010 

T*02|5|«51. 

90. 

l.*5 

11.2 

.11* 

.19* 

.019 

.00*12 
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?»02191Jl». 

4*. 

2.99 

.7 

.49* 

,490 

.007 

.0001 

74021*1924. 

4*. 

2.9* 

1.1 

.2*5 

.285 

.007 

.0005 

T*02lMl44. 

49, 

2.99 

11.  * 

•  i  i7 

.117 

.007 

.0017 

74c21*i04o4. 

4*. 

1.9* 

1.0 

.2*0 

.2*4 

.014 

.0005 

7*022*1417, 

<*S. 

1.9* 

4.0 

.109 

.1*9 

.014 

.0014 

7902190422. 

49. 

l.M 

9.9 

•  122 

.122 

.014 

.0024 

79022*1 aaB, 

4*. 

1.9* 

12.9 

.004 

•  0*4 

.014 

.0049 

7»;?2Al9l 9. 

49. 

1.9* 

24.9 

.097 

.057 

.014 

.009* 

7®r?14tlSO, 

49, 

.41 

2.0 

.Of* 

.02* 

,099 

.0029 

7  *  u  2  2 1  1  0 1  ** . 

0  0 . 

1«04 

1.9 

.4*0 

.080 

.007 

.0002 

7*022l 1*24, 

9". 

1.0* 

7.4 

.?5« 

■  250 

.007 

.000* 

7*i22ll»i.ii. 

90. 

1.09 

15-2 

•  291 

.241 

,  00  7 

.0017 

7*1221  042**. 

9'). 

l.»9 

1.7 

,24* 

.2*7 

.014 

.0010 

7* '  221  0414. 

9  *  , 

1.45 

7.7 

.1*2 

.1*2 

.014 

.0021 

1«V2l 1*09, 

90. 

l.«9 

19.0 

.15* 

.154 

.014 

,00*2 

7*i  ?21  US*. 

40, 

9.09 

4.4 

.os* 

.05* 

.099 

.0041 

7*  -2211.  1*. 

40, 

1.09 

12.1 

.  o  JO 

.090 

.094 

.0112 

790  22204S**, 

79. 

1.4? 

2.4 

.950 

.990 

.007 

.0001 

7*i.  222 1 1 1*. 

79. 

1.42 

11.7 

.407 

.087 

.007 

.0012 

7*' 52204 i 9. 

79. 

1,1* 

2.9 

•  7a  1 

.7*1 

.014 

,0004 

7*52?o491. 

79. 

(.1* 

10.7 

.511 

.981 

.014 

.0021 

7*  2221*17. 

79. 

1.1* 

1.1 

•  911 

.411 

•  OSS 

.0021 

7®' 22210 14, 

79. 

9.1* 

14.0 

.«1* 

.411 

.055 

,0101 

BKf  AKmATI*  10 

7*11041141. 

79. 

l.«2 

1.1 

.941 

.041 

,007 

.0001 

7»o9091 197, 

79. 

1.42 

*•2 

.5*4 

,5*4 

.007 

.0009 

7*f.  1C  9 1 2 1  ). 

79. 

1.4? 

20.4 

.47* 

.*79 

.007 

•  0018 

7*  1061054. 

79. 

2.1* 

2.7 

.7*9 

.7*5 

.014 

.0004 

7*1 lo4l 1 1 0, 

79. 

2.1* 

11.5 

.475 

.475 

.014 

.0025 

7*'.  5041 1  29, 

79. 

2.1* 

22.8 

.515 

.515 

,014 

.004* 

7*‘  1041511, 

79. 

!.!« 

7.0 

•  4<|f 

•  442 

,059 

.0058 

7*0  1.11122. 

40. 

1.09 

1.* 

.1*1 

•  141 

.007 

.000* 

7*01311140. 

9". 

1.99 

1*.S 

.4  9* 

.419 

.007 

.0021 

7*01011014, 

90. 

l.»* 

4.2 

.102 

.302 

.014 

•  00|1 

7*0011112. 

90, 

1  ,** 

14..0 

.90* 

•  10* 

.014 

•  0049 

7*Ooll52*. 

90. 

1.0* 

2.1 

.184 

.1*4 

.054 

.001* 

7*0  101124*. 

90. 

l.o* 

*•! 

•  1(9 

.11* 

•  054 

.0079 

7*0021194. 

49. 

2.9* 

.7 

.149 

.1*1 

.007 

.0001 

7*0021210. 

49. 

2.9* 

1.2 

.299 

.251 

.007 

.000* 

7*01021224, 

49. 

2.99 

19,9 

.10* 

•  104 

,007 

.0021 

7*0102112*. 

49. 

1.9* 

*•1 

•  191 

,|49 

.014 

«00|5 

7*01021140. 

49, 

1.4* 

11.9 

•  07* 

.074 

.014 

,00*9 

BBt AKftATE*  |l 

7*0111901, 

«*. 

2.99 

.« 

,*7< 

,474 

,007 

.0001 

7*  9(9191*. 

49. 

2.95 

1.2 

•  *0* 

.104 

.007 

•  000* 

7»  1191114. 

4*. 

2.95 

11.1 

.2*7 

.2*7 

.007 

.001* 

7*  1191199, 

4*. 

1.9* 

9<1 

.*2* 

.42* 

.014 

.001* 

7*  1191247, 

4*. 

1.9* 

10.1 

•  120 

.124 

.014 

.0050 

7*  1191 ««2, 

49, 

.4 1 

t  .7 

.289 

.2*4 

,059 

.0021 

7*  1191  IS*. 

49, 

.41 

7,* 

.191 

.191 

.059 

.0044 

7*0191. .0. 

1*. 

l.*4 

.0 

.7j» 

,707 

.00* 

.0002 

7*0191  .99, 

11. 

1.4* 

].« 

.441 

.9*1 

•  00* 

.0910 

7*0111*10. 

11. 

1.59 

1.1 

.*72 

.472 

.oil 

,000* 

7*  1111*24. 

It. 

1.99 

1.2 

.909 

.1«9 

.Oil 

.0021 

7*.  1U1«2», 

11. 

1.41 

.1 

.187 

.1*7 

.014 

,000* 

7®  1141 ..9, 

11. 

1  .« 1 

1.1 

.998 

.11* 

.014 

,0014 

7*OI«l  100, 

11. 

1.19 

.9 

.97* 

.179 

,021 

,000* 

7802110412, 

75. 

2.1* 

5.2 

,8*7 

.8*7 

.014 

.0011 

7802110054. 

75. 

2.1* 

14.1 

.870 

.970 

,014 

.0011 

78021110*8. 

75. 

1.1* 

5.7 

.841 

.841 

,055 

.0042 

78021*1424. 

*5. 

1.4* 

1.1 

.1*1 

.141 

,016 

.0011 

78021*1 44T , 

45. 

1.9* 

4.7 

.0*4 

.0*4 

,0  14 

.0015 

7*02151024. 

40. 

1.45 

1.4 

.95“ 

.114 

.014 

.0005 

7®02I51ol9. 

40, 

1.45 

8,0 

.169 

.188 

.014 

.0021 

7802151058. 

40, 

1.45 

20.4 

.20* 

.205 

.014 

.0094 

780214192) , 

45. 

2.45 

1.5 

.1*1 

.1*1 

,007 

,0002 

7802141917. 

*5. 

2.45 

7.2 

.14* 

.194 

,007 

.0010 

7*0228 1*07. 

45. 

1.49 

1.1 

.322 

.122 

,014 

,0005 

7802140*10, 

45. 

t.4» 

1.1 

.1*7 

.1*7 

,016 

,0011 

7802281427, 

45. 

1  .44 

9.7 

•  1 5* 

.159 

,014 

.0020 

7*02281418. 

45. 

1  .49 

*.* 

.125 

.125 

,014 

.0030 

7*022*1 458. 

*5, 

1.44 

IT.  6 

.075 

.075 

.016 

.0064 

7802141951. 

45. 

.41 

.7 

.040 

.0*0 

,055 

.0004 

7*02191! 18. 

45. 

.41 

4.5 

.007 

.007 

,055 

.0117 

7*0221l02t, 

90. 

1.04 

1.5 

.145 

.145 

,007 

.ooc* 

780221101b. 

90. 

1.04 

11.2 

.214 

,216 

,00  7 

.0012 

7*0?2109U. 

40. 

1.45 

1.8 

.14* 

.144 

,016 

.  0005 

7802210911. 

40. 

1.45 

5.1 

.214 

.21  4 

,016 

.00(4 

7*02210446. 

90. 

l.«5 

11.1 

.157 

.157 

,016 

.00  JO 

7802211051, 

60. 

1.05 

1.5 

.111 

.111 

,05b 

.0014 

7*0221 1107. 

60, 

1.05 

7.4 

.012 

.012 

,056 

.0070 

7*02220446, 

75. 

1.42 

1.4 

.42* 

.62* 

,007 

.0001 

7802221001 , 

75. 

l.*2 

4.1 

.528 

.52* 

,007 

.0005 

7*02220404, 

TS. 

2.1* 

1.1 

.775 

.775 

.016 

.000  1 

7*02220424. 

75. 

2.1* 

9.1 

.440 

.960 

,016 

.0011 

780222041*. 

75. 

2.18 

15.7 

.555 

.555 

,016 

•  0CJ4 

780222102a. 

TS. 

1,18 

7  •  1 

.524 

.526 

,055 

.0055 

78010611*4, 

75. 

5 

2.9 

.410 

.410 

,007 

.0009 

7809061205. 

75. 

3,«2 

11.6 

.498 

,498 

,007 

.0012 

7*01061047. 

75. 

2.1 « 

1.1 

.810 

.890 

.016 

,  000  } 

7*09061109. 

75. 

2.1ft 

5.5 

.711 

.791 

,0)6 

,0012 

780J061 1 18, 

75. 

2.1ft 

17.1 

.412 

.492 

,016 

.00  JT 

T80906t22?. 

75. 

l.l* 

1.1 

,726 

,72b 

,055 

,002  1 

7*01011908. 

60. 

3.06 

1.1 

,498 

,498 

.007 

,0001 

7*01011910. 

60, 

3.06 

11.1 

.140 

.140 

.007 

,  ro  i  ? 

7801011148. 

60. 

3.06 

24.9 

.451 

.451 

,00  7 

,0027 

7801011025. 

60, 

1.95 

*.l 

,24* 

.249 

,016 

.0022 

7*0901120*. 

60, 

1.95 

21.8 

.409 

.466 

,016 

.0059 

78ol01124| , 

60, 

1.05 

1.6 

,l«5 

.145 

,05* 

.0051 

7*09051255. 

60. 

1.05 

l*.l 

.181 

.1*1 

,056 

.0111 

7609021209. 

41. 

2.  tS 

1.5 

.1*1 

.141 

,007 

.0002 

7*01021217, 

49. 

2.65 

7.2 

.157 

.157 

.007 

.0010 

7801021054. 

49. 

1  .69 

1.0 

.117 

.117 

,014 

.0004 

7*01021119. 

45. 

1  .69 

9.4 

.100 

.100 

,014 

,0014 

7801021147. 

*5. 

1.69 

19.0 

,040 

.040 

,014 

.0041 

78011 11511, 

*5. 

2.45 

1.5 

.407 

,4*7 

,*07 

,0002 

7*05111927. 

45, 

2.49 

4.8 

,148 

.148 

.007 

,0*10 

7805I1H46. 

49. 

1.4* 

2.4 

,499 

,499 

,014 

,0009 

7*01111214, 

*5. 

1  .44 

10.4 

•  9J4 

.194 

,*14 

.0014 

78051 1125a. 

45. 

1  .44 

15.7 

,10« 

.1*4 

,*14 

,005* 

7801111144, 
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.*66 

.055 

.0022 

7*05021121. 

*5. 

.91 

2.* 

.*50 

.850 

,055 

.00  30 

7*050211)0. 

*5. 

.*! 

3.1 

.*51 

.851 

.OSS 

.0038 

7*05021?!*. 

*5. 

.91 

l.« 

,*66 

.*66 

,055 

,004* 

7*050212*7. 

*5. 

.«! 

8.2 

•  5*u 

.5** 

.055 

.0101 

7*0*021)2*. 

*0. 

2.*0 

5.9 

,76* 

.76* 

,005 

,0006 

7*050211)7. 

*0. 

2.8o 

0*6 

.7*5 

.7*5 

.005 

.0011 

7*05021)4*. 

*9. 

?  ,  *  9 

12.1 

.729 

.729 

,  0C5 

.0016 

7*0502115*. 

*0. 

2. So 

16.6 

.8*5 

.685 

.005 

,0022 

7*0503*7)2, 

40, 

2. *9 

20.* 

.86* 

.5*6 

,005 

.0027 

7*05010*50. 

«o. 

2.  SO 

.1 

.*11 

.*11 

.007 

.0001 

76050)0*05. 

*9. 

2.59 

1.5 

,  *  6  * 

.864 

.307 

.  0002 

7*05010*10. 

*0. 

2.50 

3.1 

.*26 

•  826 

.007 

.0005 

7*050)0*)*, 

*0. 

2.59 

6.) 

.610 

.81(1 

,037 

.0010 

T*050)o®«7, 

*0. 

2, So 

*.0 

.772 

.772 

,007 

.0015 

7*050)0*56, 

*0, 

2.59 

11.0 

.700 

.700 

.007 

.002  1 

7«050)100T. 

*0. 

2.5n 

l*.l 

.6*1 

.tut 

.007 

.0011 

7*05010**5. 

*0, 

1.59 

1.3 

.661 

,66] 

.016 

,0005 

7*050)0827. 

*0, 

1.5* 

2.8 

.*11 

.*11 

.016 

.0011 

7*050)0*16, 

*0. 

1  .59 

5.6 

.71* 

,71* 

,016 

.00*) 

7*050)075*. 

*0. 

1.5* 

10.8 

•  6f7 

.627 

.016 

.004* 

7*050307**. 

40. 

1.59 

15.0 

.561 

.561 

,016 

.0061 

7*050)07#0. 

*0. 

1.5* 

20.0 

.*«* 

,«** 

•  0  1  6 

.9061 

7*05031)*), 

40. 

.86 

2.2 

.772 

.772 

.055 

.0010 

7*05011052. 

*0. 

.*« 

3.2 

.7)8 

.755 

.055 

.00*4 

7*050110**, 

*0. 

.86 

*.2 

.726 

,  7?6 

.055 

.0056 

7*050)1017, 

*0. 

•  ’ 

5.6 

.7)0 

.730 

.055 

.0077 

7*050)1026. 

*0. 

,06 

6.0 

.521 

.521 

,055 

.0981 

7*0501101*. 

*0. 

.** 

7.* 

.51* 

.51* 

.055 

.0102 

7*050*0*15. 

IS, 

2.89 

1.5 

.769 

.769 

,005 

.0002 

7*050*09*5. 

15. 

2. *0 

3.0 

•  7ll 

•  Til 

.005 

,090* 

7*050*0*51. 

15. 

2.eo 

6.1 

.679 

.67* 

.005 

.000* 

7fl050u 1 0  02. 

15. 

2. BO 

12.* 

.61* 

.61* 

.005 

.0016 

75050*1012. 

15, 

2,*0 

17.7 

.557 

.557 

.005 

.00*1 

7*010*1027. 

3*. 

2.  BO 

20.6 

.501 

.501 

.005 

.0027 

7*050*1157. 

15, 

2.1“ 

.5 

.66® 

.6** 

.007 

.0001 

7*050*120*. 

35. 

2.3* 

1.1 

.*1* 

.8)9 

.007 

.0002 

7*050*1215. 

35. 

2.5“ 

2.2 

.71® 

.719 

.007 

.000* 

7*050*122*. 

35. 

2.3* 

3.2 

•  7 1  • 

»7i« 

.007 

,0006 

7*050*01)5. 

15. 

2.1* 

*.6 

.6*5 

.665 

,007 

,000® 

7*050*010*. 

35. 

2.1* 

*.* 

.665 

.665 

.007 

.0012 

7*050*0120. 

35. 

2.5* 

9.6 

.6)0 

.6)0 

,007 

.001* 

7*050*012*. 

35. 

2.3* 

I*. 3 

.567 

.567 

.007 

.0027 

7*050*01 17. 

15. 

2.1* 

20.1 

.506 

.506 

.007 

.001* 

?*050»11«*. 

35. 

1.** 

1.1 

.7*6 

.7*6 

•  016 

.0005 

7*050*11 1*. 

15. 

1  .*9 

2.) 

,6*6 

,696 

,016 

.0011 

7*050*1110. 

35. 

l.«* 

0.8 

.56* 

.56* 

.016 

,0022 

7*050*1102. 

15. 

1  .*9 

11.1 

.516 

.5(6 

.016 

.0051 

7*o50*to5). 

35. 

l.«* 

1*.T 

.*40 

•  **  0 

•  01* 

.0077 

7*050*01*6. 

55. 

1  ,*9 

22.1 

.15® 

.159 

,  0  1  6 

.0102 

7*050*10*2. 

35. 

1.** 

23.0 

.37* 

.17* 

.91* 

.0106 

7*05C*0?01. 

10. 

2,80 

2.6 

.51* 

,518 

,00* 

.0001 

T*050«021 1 . 

30. 

2.  Bo 

5.1 

.**0 

.**0 

.00* 

.0007 

7*050*021*. 

10, 

2.80 

10,6 

.517 

.5)7 

,00* 

.001* 

7*0505122*. 

30. 

2.17 

1.6 

.67) 

.*7) 

-.007 

.0003 

7*05051222, 

10. 

2.17 

1.7 

,67a 

,67* 

,007 

.000* 

7*05051215. 

30. 

2.17 

3.3 

•  602 

.601 

.007 

.0007 

7*05051)55. 

10, 

2.17 

6.1 

.5*1 

.5*1 

.007 

.001* 

7*05051005. 

30. 

«.t7 

12.1 

.551 

.551 

.007 

.0026 

7*05050***. 

10. 

2.17 

15.9 

,510 

,510 

.007 

.001* 

7*05050*11. 

30. 

2.17 

21.0 

•  436 

.«)» 

.007 

.00** 

7*05050**0. 

30. 

1.1* 

1.1 

,566 

.566 

,016 

,0006 

7*050508*8, 

30. 

1.3B 

2.2 

.50  f 

.501 

.91* 

.0012 

7*05050*57, 

19. 

1.1* 

*.» 

.*25 

.*25 

,  C  l  6 

,0026 

7*05050*0*. 

30. 

1.38 

*.* 

•  *0t 

•  60* 

.01* 

.005) 

7*05050*16. 

JO. 

1.1* 

12.9 

,162 

.)6? 

,016 

,  r  :>* 

7*05050*2*. 

30. 

1.3* 

16.* 

.101 

.301 

.0)6 

.00*1 

7*080*104*. 

25, 

1.9* 

.7 

,767 

,767 

.007 

,0902 

7*050*10*0, 

25. 

!.** 

1  •* 

•  6*2 

.6*1 

.007 

,000* 

7*350*10)2. 

25, 

1.9* 

1.1 

.57) 

.571 

.007 

.ccoe 

7*050*102*. 

25. 

!.»* 

*.5 

.«l7 

,*17 

.007 

.0*17 

7*050*1012. 

25, 

1.9* 

9.5 

.*17 

.*17 

,007 

.0025 

7*050*100*. 

25. 

l.«* 

13.6 

.36* 

.366 

.007 

.0015 

7*050*0*5*. 

25. 

1  .26 

1.* 

.609 

,609 

,016 

,000® 

7*050*0*07. 

25. 

1.2* 

3.0 

•  «6* 

•  460 

.01* 

.001* 

7*050*0*1*. 

28. 

1.26 

6.) 

.1*6 

.1*6 

,016 

,00*0 

7*050*0*2*. 

25. 

1.2* 

*.3 

•  111 

•  111 

.01* 

.90*0 

7*059*094) , 

25. 

1  .26 

11.7 

.297 

.2*7 

.016 

.00*6 

7*050*0*5*. 

25. 

l.lk 

1*.* 

.256 

.15* 

.01* 

.00** 

7*0*0*102*. 

2*. 

1.77 

5.5 

,*05 

,405 

.007 

.0016 

7*050«10)», 

20. 

1.77 

(.0 

.1*1 

.1*1 

.007 

.0026 

78050*104*. 

20, 

1.77 

11.9 

,10* 

,007 

.00)9 

7*050*0**5, 

20. 

1.13 

.7 

.371 

.171 

.01* 

.0006 

79'50*:*)7, 

29. 

1.1) 

1.2 

.1)5 

,115 

.916 

.091  0 

7*080*0055, 

20. 

l.l) 

2.7 

.271 

.271 

.01* 

.  0022 

7*o5o»o*;). 

29. 

1.1) 

). a 

.25) 

.2)1 

,016 

,oo!o 

7*050*0*11. 

20. 

1.13 

t.t 

•  1<« 

.1*8 

.1)1* 

..00*5 

7*050*0*21. 

20, 

1.1! 

7.* 

,176 

,176 

,016 

,0062 

7*0*2*0*21 , 

*0. 

1.1* 

.* 

1S« 

*••»  ,011  ,0002 

7*0*270*12. 

50. 

2.1* 

I.* 

.955 

,955 

.Oil 

.000* 

7*0*270**2. 

50. 

2. 11 

1.6 

.*!* 

.*1* 

•  Oil 

.000* 

7*0*270*5). 

50. 

2.1* 

7.5 

,*9T 

,*•7 

.on 

.0016 

7*0«27l00l. 

50, 

2.1* 

10.7 

,877 

.077 

•  Oil 

,0021 

T*0u271015. 

59. 

2.1* 

15.7 

,656 

.6*6 

.oil 

.003* 

7*0«27l 055. 

50. 

l.T* 

1.1 

,*6* 

•  «4l 

.01* 

.000* 

7*0*27104*. 

59, 

1.7* 

2.) 

.*6* 

.666 

.016 

.0007 

7*o*27to«a, 

SO. 

1.1* 

7.6 

.*?* 

.*2* 

.01* 

.001* 

7*042710)?, 

59. 

1.7* 

1 1  .* 

.651 

.651 

.016 

,  0039 

SINE  sum  "0T10N 

TO  OtCHJ  T( $ J  H(CH)  K?  MR  0/072  H/CT2 


TO  DCC«)  T(S)  H(C“!  «?  US  0/GT2  H/5T2 


6RE»8m»T|S  isx 


»8o«2?1025. 

50. 

1,78 

16. 

7 

.783 

.781 

.016 

.004? 

T806271202. 

65. 

2.65 

.9 

.475 

.975 

,007 

.0001 

>«OS2f 1210. 

*5. 

1.65 

6.5 

.860 

•  866 

.007 

.0007 

*804271219, 

45. 

2.65 

9.7 

.671 

.671 

.007 

.0014 

7*042)1227. 

*5. 

1.65 

11. 

6 

.811 

.*U 

.007 

.0020 

780U271M1. 

65. 

1  .6* 

1.4 

,680 

.860 

.016 

,0005 

*5, 

1.** 

3.0 

.659 

.856 

.016 

.0011 

780427 1127. 

*5. 

1  .*9 

6.2 

.610 

.810 

.016 

.0022 

t»0*2)|1lS. 

*1. 

1.6* 

8. 

.662 

,802 

.016 

.0012 

7804271 |*1, 

45. 

f.6« 

12.9 

.732 

.712 

.016 

.0066 

7*0427nSl. 

*5, 

1.8* 

16. 

.618 

.615 

.016 

.00*0 

7804271259, 

65, 

.91 

1.9 

.517 

.617 

,055 

.0021 

)8o»2)l?52. 

*5. 

.*1 

1. 

.859 

,869 

.055 

.  0043 

780427 1244, 

45. 

.91 

8.1 

,600 

.600 

.055 

.0100 

»*0«28|8S1. 

*9, 

1.59 

1. 

•  835 

.835 

.016 

.0008 

780*281259, 

40. 

1.59 

!.* 

.754 

,75a 

.016 

.0015 

7*04281)07. 

*0. 

1.5* 

T. 

•  666 

,664 

.016 

.  0024 

780*261116. 

«0. 

1.54 

11.7 

.561 

•  S61 

.016 

.0055 

7804261)2*. 

*0. 

1.5* 

18. 

.691 

.491 

.016 

.  0075 

780*281 151, 

35. 

3.06 

12.5 

,502 

.502 

.004 

.0014 

7804281256. 

55. 

5.06 

i  t  #6 

•  4}6 

•  676 

.004 

.00(6 

7804281105. 

15. 

3.06 

22.5 

.444 

.4** 

,004 

.0025 

7804211142. 

55. 

1.95 

i«. 

* 

.558 

,558 

.009 

•  0040 

780U281?22. 

15. 

1  .49 

l  .6 

.675 

.674 

,016 

•  OOO? 

760*261230. 

55. 

1.8« 

3. 

4 

.594 

.5*8 

.016 

.0016 

7804281239, 

35. 

1.49 

7.* 

,U89 

.**9 

,eio 

,00  34 

7*042*1247, 

55. 

1.89 

16. 

7 

,810 

•  610 

.016 

.  0077 

7*0*2*1116. 

35. 

1.30 

11.1 

,*76 

•  7  *i 

.02! 

,  0  0 1  "• 

7*04281 125. 

55. 

1.39 

IS. 

0 

.826 

•  428 

.021 

.0091 

7804271*09, 

30. 

2.17 

2.2 

.555 

•  ***> 

.007 

.COO' 

7*04271817, 

50, 

2. IT 

6. 

u 

•  6  64 

,466 

.00? 

.001(1 

7804271*25, 

30. 

2.17 

8.6 

.*63 

.007 

.0019 

780427|*)2. 

50. 

2. IT 

16. 

2 

•  67* 

,678 

.007 

.0015 

78o*2Tlu*2, 

50. 

2.17 

20.7 

.*38 

» Me 

.007 

.00*5 

7*o«27t J2«, 

50. 

1.1* 

1  *4 

.851 

.853 

.016 

.0008 

7804271118, 

10. 

1.38 

3.1 

.355 

*355 

,016 

.0017 

7B0«27ll»t . 

>0. 

i.)8 

7. 

i 

.552 

•  312 

.016 

.0038 

780*271549, 

10. 

1.38 

9.6 

.3*2 

.3*2 

.016 

.0051 

78o«27llS7, 

10. 

1.1* 

11.0 

.316 

.118 

.016 

.0070 

BRFAKN*T(B  16 

78051 1 o7o*. 

60, 

8.83 

8 

,  826 

.826 

.003 

.0000 

7805110715, 

60. 

4.63 

2.6 

.79* 

.79* 

.001 

.000  1 

7805110721. 

60. 

*.«5 

6 

0 

.766 

.766 

.003 

,000! 

7805110715. 

60, 

4.83 

12.6 

,758 

.758 

,001 

.  0006 

78051 1 07a6. 

60. 

4.83 

17 

8 

.*91 

.761 

.003 

.0008 

780511 0840. 

60, 

3.06 

.9 

.956 

.956 

.007 

,  000  1 

78*51  1  0831  . 

60. 

1.06 

2 

8 

.917 

.917 

.007 

.000! 

7805110820. 

60. 

3.06 

6.1 

.902 

.902 

,007 

.0007 

7805110811. 

60. 

1.06 

• 

9 

.9o8 

.908 

.007 

.oote 

7805110802. 

60. 

3.06 

11.6 

,919 

.«39 

.007 

.0015 

7805110856. 

60. 

1.95 

1 

7 

.959 

.05* 

.016 

.0005 

78051 1 0911. 

60. 

1.95 

1.4 

.9*7 

,9*7 

.016 

,0009 

7805110628. 

60. 

1.95 

6 

7 

.9)5 

.915 

.016 

.0018 

78051 1 09J7, 

60. 

1.95 

13.7 

.87! 

.87] 

.016 

.0037 

7805111010. 

60  a 

1.85 

26 

4 

.*06 

.706 

.016 

.0071 

7805111208. 

60, 

1.05 

2.8 

.9*7 

.0*7 

.056 

.0026 

7805111201. 

60. 

1.0* 

4 

1 

,«51 

.951 

.056 

.0018 

78051 1 10“6. 

60. 

1.05 

6.5 

,®52 

.992 

,056 

,0060 

7805111018, 

60, 

l.Oti 

9 

3 

.9»9 

,969 

•  056 

.0086 

7805111022. 

60. 

1.05 

11.8 

,780 

.760 

.056 

.0109 

780511 1212. 

55. 

*.69 

1 

2 

.766 

.7*6 

.00) 

.0001 

78051 1 12*2. 

56. 

4,69 

4.0 

.760 

.760 

.00! 

.0002 

78051  U252. 

55. 

*.69 

8 

3 

.7s* 

.766 

.003 

.0004 

7805111104. 

55. 

6,»9 

1  6 , 1 

.822 

.622 

.00! 

.0007 

780511  1H1. 

55. 

*.69 

21 

5 

.624 

.626 

.003 

.0010 

780512*812. 

55. 

2.9) 

1.1 

.979 

.979 

.007 

.000  1 

7805120822. 

55. 

2.91 

1 

5 

.972 

.972 

.007 

.0006 

7805120810. 

55. 

2.91 

7.7 

.9*9 

,9*9 

.007 

.0009 

7805111188. 

55. 

2.91 

11 

1 

.9*9 

,949 

.007 

.001! 

TBosllllV*. 

55. 

2.91 

15.9 

.981 

.961 

.007 

.0019 

7805111126. 

55. 

2.91 

22 

2 

.909 

.909 

.007 

.0026 

7805120841. 

55. 

1.67 

1  .6 

.860 

.860 

.016 

.1)005 

7805120857. 

55, 

1.8* 

I 

3 

,660 

,860 

,016 

,0010 

7805120911, 

55. 

1.87 

6,5 

.65? 

.852 

.016 

.0«1» 

7805l2u8J5. 

55, 

1.8* 

13 

6 

.8*5 

•  821 

.016 

.0040 

78051209»fc. 

55. 

1.87 

19.2 

.75* 

,75* 

,016 

,0056 

7*05120855. 

55. 

1.8* 

*5 

7 

.66] 

.641 

.0)6 

.0075 

78C51210H  . 

55. 

1.01 

1.3 

.027 

.927 

.055 

.0013 

7*05121025. 

55, 

1.01 

} 

8 

.*d6 

.900 

.055 

.0018 

7805121005, 

55. 

1.01 

6.3 

.691 

.891 

.055 

.  0043 

7*05121014, 

55. 

1.01 

a 

8 

.8*7 

.897 

.055 

.0048 

78(15121152. 

50, 

4.5* 

2.0 

.71* 

.71* 

.002 

,000  1 

7*05121205, 

50. 

*.5« 

* 

0 

.*15 

.Til 

.002 

.0002 

7805121215. 

50. 

6 .64 

7.9 

.71* 

.71# 

.002 

.000* 

7*05121225, 

50. 

«.S« 

u 

2 

•  763 

.762 

.002 

,0006 

7805121215. 

50. 

6.5* 

16.4 

.711 

.711 

,002 

,  0008 

7*05121247, 

50. 

*.5* 

11 

T 

.591 

.591 

.002 

.0012 

7805140816. 

50. 

2.60 

4.2 

.954 

.954 

,007 

.0005 

7*051*l$l0, 

50. 

t.8o 

• 

5 

.908 

.90* 

.007 

.0012 

7805121310. 

50. 

2.80 

13,6 

.916 

.916 

,007 

,0018 

780512125*. 

SO. 

2.8o 

l» 

1 

.*23 

.92) 

.007 

.0021 

78051404*1. 

50. 

1.78 

t.l 

.620 

.820 

.016 

,0004 

7805140*42. 

(0. 

l.f* 

< 

* 

.866 

.140 

.016 

,0008 

7805140954, 

50. 

1.78 

5.0 

.852 

.852 

,016 

.0016 

7*051*1815, 

50. 

i.rs 

8 

5 

,869 

•  869 

.0)6 

.0027 

Teo514|n29. 

50. 

1.76 

12.« 

.828 

.628 

,016 

,0040 

78051*1042, 

50. 

1.T8 

17 

1 

.668 

,688 

.016 

.0055 

780516114*. 

50. 

1,78 

23.3 

.576 

.578 

.016 

.0075 

7*051*12*1, 

*5. 

6.18 

1 

3 

,698 

,694 

.002 

.0001 

78051*1251. 

*5. 

6,58 

2.8 

,666 

.668 

.002 

.0001 

7*051*1106. 

*5. 

6.18 

6 

1 

.671 

.671 

.002 

,0001 

78051*1318, 

•5, 

4,18 

6.9 

.695 

.695 

,002 

.0005 

7*051*112*. 

*5. 

«.J8 

12 

7 

.*66 

.768 

.002 

,000* 

7805141140. 

«S. 

6,18 

17.7 

,6?B 

.678 

,002 

,0009 

7«051*181t, 

*5, 

(.65 

12 

9 

.8)0 

.810 

.007 

.001* 

7805161*00. 

45. 

2.65 

18.3 

.702 

.702 

,007 

.0027 

7*05141150, 

*5. 

2,65 

25 

7 

.576 

.576 

.007 

.00}* 

7805170815, 

15. 

4.06 

2.6 

,562 

•  562 

,002 

.0002 

7*051fo8l*. 

IS. 

6.06 

5 

6 

.555 

.555 

•  002 

.0003 

7805170**?, 

35. 

4,06 

n  .1 

.552 

.552 

.002 

.000» 

7*051 7o857 . 

55. 

6.06 

15 

« 

.896 

.6*9 

,002 

,0010 

780517091), 

35. 

4,06 

20.9 

.*37 

.417 

.002 

.0011 

7*052*0*17, 

55. 

5,10 

9 

.871 

.871 

,004 

.0001 

7805220655, 

35, 

1.10 

2.2 

.739 

.719 

.00* 

.0002 

7*052(1005. 

55. 

1.19 

5 

1 

.601 

.601 

,006 

.0005 

7805221011. 

35. 

5.10 

7.6 

.55* 

.554 

,006 

.0008 

7*052210*2. 

55. 

5.  |0 

11 

1 

•  5(6 

.516 

.006 

.0012 

7805221 012. 

15. 

5.10 

16.1 

,*78 

.678 

.00* 

.0017 

7*05170*21. 

15. 

2.3* 

1 

0 

.*99 

.799 

.007 

,0002 

T80617061C. 

35, 

2.1* 

2.0 

.725 

.725 

,007 

.000* 

T*05l7o«J*, 

15. 

2.5* 

* 

0 

.<Ss« 

.650 

.007 

,  000* 

7805170*48, 

35. 

2.3* 

5.7 

.615 

.615 

.007 

.ooii 

7*05170*57. 

55. 

2,5* 

8 

1 

.587 

.587 

.007 

,0015 

7805171005. 

35. 

2.1* 

11.6 

.542 

.5*2 

.007 

.0"  22 

7805|7|022, 

35. 

2.5« 

16 

♦ 

.4*8 

,46* 

.007 

.00)1 

78052210*1 , 

35. 

l  .*5 

.7 

.750 

.750 

.01! 

,000! 

7*0521164*. 

55, 

1.65 

1 

* 

.671 

.67) 

•  OH 

,0005 

78052211 17. 

55. 

1.65 

2.8 

,565 

.561 

.01) 

,0010 

7*052*1145. 

55. 

1.65 

5 

6 

.516 

.53* 

,013 

.0021 

780522115*. 

35. 

1  .65 

8.8 

,464 

•  466 

.011 

.00)1 

780522120}. 

55. 

1.65 

1* 

• 

.6 1  6 

•  616 

« 0 1 S 

.0054 

T6<i5l?tola, 

15, 

1.4* 

1.1 

,70! 

.70) 

,016 

.0005 

7*05|7|0*5, 

55. 

l.»* 

2 

1 

.8(6 

.6*6 

.016 

.6011 

7605171052, 

35. 

1.46 

•.* 

,*96 

.69* 

,016 

«Cn2  5 

7*05l7l 15*. 

51. 

1.6* 

11 

1 

«»!* 

.611 

.016 

.0055 

T806| 7|?01, 

55. 

1.49 

16.5 

,  166 

.366 

.016 

,0076 

7*05l7i*i4, 

15. 

1,9* 

ts 

* 

.305 

.505 

•  016 

.010* 

76*5171?)!, 

30, 

1.89 

1.4 

.553 

.551 

.00? 

.0001 

7*05i7t*8}. 

)t> 

1.89 

3 

0 

.668 

.668 

.002 

.0002 

780517125), 

30, 

1.89 

6.5 

,601 

,*01 

.002 

.000* 

7*081 7 1  lo  5. 

50. 

3.89 

10 

3 

•  a  1 7 

.617 

.002 

.  000* 

*8o5|T|tn, 

30. 

5.89 

16.8 

.37) 

.STJ 

.002 

.0010 

7*051*0*17, 

>0, 

2.8* 

l 

8 

•  616 

.616 

,00* 

,0002 

7605180®**, 

50. 

2.87 

5.5 

.5)1 

.511 

,00* 

,000* 

7*01180*55, 

10. 

1.8* 

7 

2 

.8»6 

.696 

.00* 

,000* 

780918100*. 

)0. 

2.17 

10.2 

,6*5 

.665 

,006 

.0015 

78051812*1. 

10. 

(.17 

18 

7 

.691 

.68) 

.00* 

,001* 

78051*1252. 

10. 

2. 87 

21,5 

,40) 

.405 

.004 

.002* 

fr— J  .. 
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*RE»4»»TER  1* 


7*0Sl»|lJI, 

SO. 

».»7 

1.0 

•  k*0 

.6*0 

.007 

.000* 

?*0Sl7tS»*. 

so. 

1. 17 

*.l 

.848 

•  884 

.007 

.0018 

5«09|flJSS. 

30. 

8.17 

l*.l 

.811 

•  411 

.007 

.0081 

T».*Sl''J«02. 

10. 

t.SO 

«.S 

.582 

.182 

.Oil 

.0020 

7*:*.*: «20. 

30. 

1.53 

IS. f 

.284 

.2*8 

.013 

.0074 

T8MI807  JJ, 

'  >. 

1.1" 

1.3 

.840 

.8*0 

.01* 

.0007 

SO. 

1.18 

5.® 

.2*7 

.2*2 

.01* 

.0032 

7*;Sl»;>»j7. 

10. 

l.)8 

10. 7 

.28* 

•  2*8 

.01* 

.0057 

7*:S16-*23. 

JO, 

1.1* 

1*.* 

.22* 

•  22" 

.01* 

.0100 

7*  ,si*j*i*. 

25, 

1.70 

2.4 

.814 

.418 

.002 

.  0002 

78j5i*i»ii. 

25, 

3.70 

12.7 

.245 

.2*5 

.002 

.000* 

7* :5l»i  M5. 

25, 

2. *2 

1.2 

.5*5 

.5*5 

.00* 

.0002 

5*051*1131. 

25. 

2. *2 

5.* 

.1ft 

.171 

.00* 

.0  00* 

7*:5l*i  1*8. 

25. 

2. *2 

11.6 

.282 

.2*2 

.00* 

.0017 

?6  Sl».  T<|T, 

25. 

l.ao 

2 .  * 

.2*8 

.288 

•  oil 

.0018 

?60S1«'«O®. 

25. 

1.83 

».* 

.171 

.171 

.0)1 

.0051 

7*  ;51®'»I*. 

*5. 

t.l* 

4.8 

•  78* 

•  208 

.01* 

.0028 

T»?5l»’»«S, 

25. 

1 .2* 

13.8 

•  147 

.1*7 

.01* 

.008® 

?*35|«')O30, 

25. 

1.28 

20.4 

.11* 

•  11* 

.01* 

.0131 

9*351®123*. 

20. 

1.5l 

.7 

•  *f* 

.*58 

.002 

.  000  1 

5*?51®130I, 

20. 

1.51 

1.5 

.55® 

.5*4 

.002 

,000  1 

7  <*  0  5 1  0 1  122. 

20. 

1.51 

*.3 

.52* 

.12* 

.002 

.0005 

7«35t®l iso . 

20. 

1.51 

20.0 

.187 

.187 

.002 

.0017 

7<*JS223»J2. 

20. 

2.3* 

1.8 

.*62 

.862 

.00« 

.0001 

7«3*l*!U0S, 

20. 

2.1a 

5.0 

•  l|7 

.117 

.00* 

.0011 

7f 0?2?i 7s*. 

20. 

2.1a 

9.® 

.157 

.257 

.00* 

,0018 

7*o52?e7J*. 

20. 

2.1a 

18.3 

•  210 

.210 

.00* 

.0027 

7*05221727. 

20. 

2.3a 

1«.® 

.180 

.1*0 

.00* 

.0037 

7605220*38. 

20. 

1.77 

2.5 

•  8*7 

•  as7 

.007 

.0008 

7*05220855. 

20. 

1.77 

••1 

.22® 

.22® 

.007 

.0026 

560522C«l2. 

20. 

1.77 

18. | 

•  118 

.136 

.007 

,005® 

RRESKHATER  17 

Teo7o7osj«. 

50. 

*.** 

2.1 

.780 

.780 

.001 

.0000 

7*0707r-,65u. 

50. 

*.8® 

8.5 

.58* 

.5** 

.001 

.0002 

78aTo?G*J7, 

50. 

*.®« 

l*.a 

.857 

.857 

.001 

.0001 

?"08l5loi7. 

50. 

».la 

1.5 

.7  42 

,7*2 

.001 

.0000 

7*0*15 1 OSS. 

50. 

».1« 

3.® 

.64® 

.*8® 

.001 

.0901 

7s  ■  8 1 S 1  is®. 

50, 

*•  Ja 

8.® 

.52® 

.52* 

.001 

.000? 

7s.8l«i«57. 

50, 

*.3a 

18.8 

•  8J5 

.835 

.001 

.0008 

7s  ; 7 0 T  °23. 

50. 

5.17 

1.0 

.70* 

.70* 

.002 

,0000 

7’  '»U7  :•»(!«. 

50. 

5.17 

«.0 

.59* 

.5®* 

.00  2 

.0002 

7H7o7  7a6, 

50. 

5.17 

8.8 

.a®! 

.8*1 

.002 

.0001 

7S  .181*1127, 

50. 

a. 5s 

7.1 

.827 

.427 

.002 

.0008 

7^)81*1112. 

50. 

s  ,5s 

15.7 

•  330 

.310 

.002 

.0008 

Ta;TOT;  ns. 

50. 

1.70 

2.8 

.5*5 

.5*5 

.00* 

.0002 

7*  )7qT  )®5®« 

50. 

1.70 

11.0 

.81® 

.41* 

.00* 

.000* 

7*3707 |  680. 

50. 

2. 80 

1  •* 

.785 

.765 

.007 

.0002 

T»1802- 7o®, 

50. 

1.87 

2.3 

.50* 

.508 

.015 

.  0007 

7aO802  '.727, 

50, 

1.87 

*.7 

.833 

.8  <1 

.015 

.  0020 

7aJ*l»! 151 , 

50. 

1.87 

18,0 

.33® 

.31® 

.015 

.0081 

78o81'tl3®, 

50. 

1.R7 

2*.  a 

.7*5 

.2-5 

.0(5 

.  0077 

7 *  j 7 0 7 1 122, 

50. 

1.78 

12.7 

.570 

.  JTO 

.016 

.  0081 

TSjTOTi isu. 

50. 

1.50 

*.S 

.aj7 

.417 

.921 

.0031 

7Ji)70*!508. 

U5. 

*,®0 

2.8 

•  780 

.760 

.001 

.0001 

7To7o*is«®, 

s5. 

*,®o 

8.6 

.588 

.5*6 

.001 

.  0007 

78070*110". 

s5. 

S.®1 

2.1 

.57® 

.5T» 

.002 

.0001 

78o7c*l J2». 

«5. 

a.»i 

4.7 

.51® 

.51® 

.002 

.0002 

7*070*1 1U2. 

«S. 

a.«| 

10.3 

,®2* 

.876 

.002 

.0008 

7*070*1 J58. 

s5. 

1.51 

1.8 

•  Ss® 

'.*»« 

.00* 

.0001 

7»07C*1B1», 

®5. 

1.51 

* .  0 

.518 

.518 

.00* 

.0005 

78.)7o*!«J2, 

«5, 

1.51 

18.2 

.38* 

.3*8 

.00* 

.0015 

78o7o* 1 521 . 

«S. 

2.05 

2.7 

•  888 

•  868 

.007 

■  000* 

78070*153*. 

a5. 

2.  *5 

13.* 

•  aja 

.824 

.007 

.0070 

7*05o«l*0". 

as. 

1.88 

2.8 

.548 

•  Ss4 

.011 

,000* 

7  8 1)70*1 55S. 

a5. 

1.88 

10. » 

•  ao7 

.40  7 

•  oil 

.  0031 

7«o7o*l6l«. 

s5. 

t  .6® 

•  * 

.552 

.552 

•  01* 

.0002 

7*070*1*2*. 

a5. 

1.*® 

2.8 

.521 

.521 

.01* 

.0010 

78q7071#S0. 

35. 

8.0® 

1  .* 

.8  38 

.8  38 

.001 

.0000 

7*070714*s, 

IS. 

8.0® 

».* 

•  58* 

.58* 

•  001 

.  0002 

7*07071*18. 

1$. 

«. 11 

1.0 

.*71 

.471 

•  002 

.0002 

580707128*, 

». 

«.ll 

14.8 

.1*5 

.1*5 

,002 

,0008 

78o7o7i1o*, 

15. 

1.10 

3.® 

.708 

•  70* 

.00* 

.  000* 

7*07c?1252, 

15, 

3.10 

(.5 

.501 

.501 

.00“ 

.000® 

78070^1338. 

15. 

1.38 

8.8 

•  Ss7 

.557 

•  00» 

.000* 

7*070713*7, 

15. 

2.3a 

18,7 

.3*0 

•  1*0 

.007 

.0017 

7*07o7 1*1 1 . 

15. 

1.8* 

2.8 

.523 

•  323 

•  01* 

.0013 

7»»70TJ35S, 

Hi 

1.8® 

18.8 

•  33* 

.104 

•  01* 

•  00*7 
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7805171330. 

30. 

2.1’ 

8.1 

,53*. 

.556 

.007 

.000® 

7*05171  is? • 

10. 

2.17 

18.® 

,83s 

.sis 

.007 

.  0632 

78051*0832. 

30. 

1.53 

.7 

.63* 

.616 

.013 

.0003 

7805180910, 

30. 

1.53 

12.8 

.330 

.310 

.013 

.0058 

7805180*28. 

30. 

1.53 

28.1 

.213 

.213 

.013 

.010$ 

78041807*1 , 

30. 

1,38 

2.7 

.3” 

.377 

.016 

.Oil* 

780518075*. 

30. 

1.38 

8.3 

.2*6 

.2*8 

.01* 

,0088 

7*05180815. 

30. 

1.38 

15.0 

.2*1 

.261 

.01* 

.0080 

78051*0*10. 

25, 

3,70 

1.1 

.867 

.8*7 

.002 

.0001 

78051*0*85. 

25. 

3.70 

3.1 

.3*7 

.3*7 

.002 

.0002 

78051*1021. 

25. 

3.70 

It.* 

.2*7 

.2*7 

,002 

.0018 

7805181123. 

25. 

2.62 

2.7 

,s«7 

.867 

.008 

.000* 

7805181180. 

25. 

2.62 

8,0 

.12s 

.328 

,oou 

.0012 

780418H5T. 

25. 

2.62 

16.7 

.281 

.2*3 

.00* 

.0025 

78051*0801 • 

25. 

1.80 

5.3 

.211 

.211 

.013 

.0028 

78051*0818, 

25. 

1.80 

18,1 

.ISU 

•  isu 

.0(3 

.00*8 

78051*0814. 

25. 

1.2* 

9.® 

.150 

.150 

.01* 

.0068 

78041*0851 • 

25. 

1.2* 

17.5 

.ISO 

•  iso 

.01* 

.0112 

78051*1225. 

20. 

3.51 

.8 

.717 

.717 

,002 

,0000 

78051*1251 » 

20. 

3.51 

1.0 

.612 

.612 

.002 

.0001 

78041*131 1 , 

20. 

3.51 

3.0 

.  sss 

.sss 

.002 

,0002 

78051*1111. 

20. 

3.51 

13.5 

.225 

.225 

,002 

.0011 

780S22082O. 

20. 

2.38 

.« 

.Rs5 

,es* 

,008 

,0002 

7805220803. 

20. 

2.3* 

3.6 

.872 

.872 

.008 

,0007 

7805220758. 

20. 

2.38 

7.1 

.31* 

.316 

,008 

•  00  1  3 

78051*1356, 

20. 

2.3* 

13.5 

.20® 

.26® 

.008 

.0025 

78051®1 58®. 

20. 

2.3* 

20.7 

.16® 

.169 

,00s 

,001® 

780422082®. 

20. 

1 .77 

1.2 

.60S 

•  60S 

.007 

.000* 

78052208*8. 

20. 

1.77 

5.« 

.2*3 

.2*3 

.007 

,0018 

7805220*08. 

20. 

1.77 

12.8 

.175 

.175 

.007 

,00s0 

78070708SU. 

50. 

6.9® 

*.3 

.692 

.*®2 

.001 

.0061 

78070*0*08. 

50. 

6.*® 

8.5 

.55® 

.55® 

.001 

.0002 

780*010135. 

50. 

6.38 

.93* 

.®Sa 

.001 

.OOOO 

7*0*151025. 

50. 

6.38 

2.8 

.671 

.671 

.001 

.0001 

7*0*010206. 

*0. 

6.38 

8.1 

.682 

.*82 

.001 

.0001 

7*0*010155. 

50. 

6.3* 

«.l 

.561 

.561 

.001 

.0002 

780*010185, 

50. 

6.3* 

18,9 

,85* 

.858 

.001 

.0008 

7*07070618, 

50. 

5.17 

2.0 

.670 

.670 

.602 

.0001 

7*07070755. 

50. 

5.17 

5.9 

.5*3 

.58  J 

.002 

.0002 

7*06151133. 

50. 

8.5* 

2.3 

.586 

.586 

.002 

.0001 

7*061511 l®. 

50. 

8.5“ 

10.5 

.377 

.377 

.002 

,000s 

7*06151105. 

50. 

8.5* 

23.3 

,?«6 

.2*6 

.002 

,0012 

7*07071005. 

50. 

3.70 

5.7 

,501 

.561 

,008 

,ooou 

7*07070987. 

50. 

1.70 

18.8 

.167 

.  J«7 

.008 

.0011 

7*07071031 , 

50. 

2.60 

3.8 

.68® 

.6*9 

,007 

.ooou 

7*0*02071®, 

50. 

1.87 

8.7 

.867 

.867 

,015 

.0018 

7*06020735. 

50. 

1.87 

9.7 

,80® 

,8  69 

,015 

,002* 

7*0*151185, 

50. 

1.67 

18.8 

.311 

.lit 

.015 

,0055 

7807071 129, 

50. 

1.78 

6.0 

.872 

.872 

.016 

.001® 

7607071087, 

50. 

1.7* 

23.2 

,2*8 

.2*8 

,016 

.0075 

7*0707  1  t  36. 

50. 

1.56 

11.7 

.352 

.352 

.021 

.0053 

7*07051 u5*. 

85. 

6.90 

5.6 

.660 

.660 

.001 

.0001 

7*07051881 . 

85. 

6.90 

13.7 

.875 

.875 

.001 

.0003 

7*07051116. 

85. 

8,91 

3.1 

.553 

.553 

.002 

.0001 

7*07051138. 

85, 

a.®! 

*.® 

.871 

.«71 

.002 

,0003 

7*07051150. 

85, 

8  ,  ®  1 

15.1 

.188 

.S»s 

.002 

,0006 

7*0705 1 a05. 

85. 

3.51 

2.® 

,62* 

.928 

.008 

,0  002 

7*0705 lu2*. 

85. 

3.51 

12.8 

.883 

.88  J 

.008 

,0010 

7*07051*15, 

85. 

2.65 

1.2 

.718 

.738 

.007 

,0002 

7*07051526. 

«5. 

2,65 

6.2 

.551 

.55J 

.007 

,000® 

7*07051581. 

85. 

2.65 

!*.$ 

.361 

.1*1 

.007 

.0027 

7*0705160! . 

*5, 

1.8* 

5.8 

,892 

.892 

.013 

•  0016 

7*0705158®, 

*5, 

l.M 

21  .0 

.117 

.317 

.013 

.0061 

7*07051626. 

85, 

1  .6® 

1.) 

.551 

.55) 

.016 

.0005 

7*07051632. 

*5. 

1.6* 

*.2 

.853 

.853 

.016 

.0022 

7807071837. 

35. 

6.0* 

3.3 

.72* 

.72* 

.001 

,0001 

7*07071851. 

35. 

6.0® 

10.1 

.523 

.523 

.901 

.0003 

7*07071226. 

35, 

8.13 

8.7 

,370 

.370 

.002 

•  0005 

7807071315. 

35. 

3.10 

1.2 

.707 

.707 

.004 

.0001 

7807071100. 

35, 

3.10 

5.6 

.596 

.5®* 

.004 

.0006 

7*07071322. 

35. 

2.38 

1.5 

.637 

.*37 

,007 

.0003 

7807071336, 

35. 

2.34 

9.5 

.860 

.460 

,007 

.0018 

780707141®. 

35. 

1.4* 

1.« 

.603 

.*03 

.01* 

,8006 

7*07071404. 

35, 

1.4* 

*.3 

.825 

.*25 

.81* 

.002* 

88 


APPENDIX  D 

TEST  RESULTS  (IRREGULAR  WAVES) 


irregular  oaves 


10  ntc») 

7(8) 

KB 

0/&T2  H/C7J 

o* 

TO  0(C“)  T < S3  M(C«) 

*7 

K«  P/GT i  MSGT*  QP 

0«tAMATf«  t 

7*032*1333, 

*0. 

1.30 

11. ( 

.103 

.103 

.020  .0063 

3,3* 

7*03261001, 

60. 

I.*6 

17.2 

.151 

.131 

,02» 

.00*2 

5.5* 

7*0l2*t#|l. 

*0. 

1.32 

16.4 

.It* 

.176 

.023  .0066 

4.01 

7*03261022, 

60. 

3.0* 

*.2 

.015 

.015 

.006 

.000* 

3.*7 

7»0324|4J1 • 

•  0, 

3.12 

11.1 

.01* 

.03* 

,006  ,0010 

3,3* 

78032*10*1 , 

60, 

8.03 

12.0 

.066 

.06* 

,  0  1 3 

.0011 

3.77 

7*012*1  a  S 1 ■ 

30. 

3.12 

12.0 

.045 

.0*3 

•006  ,0011 

2.80 

7803261500. 

60. 

2.02 

15.5 

.160 

.160 

.015 

.001* 

3. *5 

7*Ol27o4ia, 

73. 

1.1* 

15.4 

.31* 

.11* 

.003  ,00** 

2.2* 

7003270*03. 

75. 

1.05 

14.7 

.155 

.355 

.016 

,0061 

5.62 

7*032704*2. 

73. 

1.36 

16,5 

.lot 

.307 

.031  .006* 

*.37 

7603271000, 

75. 

3.12 

n.t 

.101 

.303 

.607 

.6010 

3.4* 

76o32tl4|l, 

73. 

3.2* 

7.5 

•  ?53 

.131 

.007  ,0007 

3.2* 

7803271022, 

73. 

1.31 

12.3 

.2*1 

.2*1 

.0*1 

.0*72 

2.64 

7*01271032, 

73. 

2,00 

11.3 

.13* 

.15* 

.01*  ,002* 

2.*S 

7*03271001, 

75. 

1.10 

11.1 

.305 

.10$ 

.  Ool 

.0076 

l.?4 

BBrAKftATr*  « 

7*011*133*. 

74. 

2.1? 

13.3 

.341 

.301 

.017  .0010 

5.11 

7*01161306. 

7*. 

.*7 

15.6 

,0*6 

.0** 

.0*0 

.016* 

3,34 

7*01 1*133*, 

7*. 

2.03 

16.1 

.4*5 

.0*3 

.01*  ,0000 

4.56 

7*01 1*1004. 

7*. 

1.33 

IS. 4 

,06a 

.0*0 

.012 

,0068 

6.03 

7*01 1*1*10. 

7*. 

l.«* 

10.6 

•  3oi 

•  sol 

.016  ,0072 

7.5* 

7»0l2ou60*. 

60. 

2.1? 

10.7 

.226 

.226 

.01* 

.0013 

5.10 

7»0l2«0*t7, 

oo  • 

2.21 

13,0 

.211 

.211 

.012  ,0011 

*,** 

7*01200*25, 

60. 

1.18 

17.0 

.217 

.237 

.012 

•  0093 

0.5* 

7*0 12ao*3«. 

60* 

1.33 

13,0 

.191 

.1*1 

.026  ,0065 

3.62 

7*01 2*0*ol, 

60  , 

1.00 

10.6 

,167 

.1*7 

.oio 

•  0072 

7.26 

7*0 1 2| 1 3|2, 

60. 

2.1? 

10.6 

.22* 

.22* 

.0)0  ,0013 

3.15 

7*0)211320. 

60. 

8.23 

10, « 

,??• 

.22* 

.012 

.0030 

«.*2 

7*01211327. 

60. 

2.01 

l7,o 

•  213 

•  233 

.015  ,0002 

0.37 

7*01 2t 1 1 22. 

60, 

1.38 

15.0 

.20* 

.204 

.012 

.0003 

6.22 

7*0121133*. 

60. 

1  .** 

10.6 

.18* 

.1** 

.02*  .0072 

7.42 

7*01211715. 

*3. 

2.12 

12.1 

.113 

.113 

.010 

.0027 

0.06 

7*012117*4, 

*3. 

2.33 

16.* 

•  111 

•  111 

.00*  .0030 

3.62 

7*0 1 4  3  1755, 

03. 

1.33 

10.* 

,0*0 

.0*0 

.020 

.0063 

6,!o 

7*01211*20. 

*3. 

I.  So 

12. « 

.071 

•  0  7 1 

.027  .0075 

6.53 

780121 1*30, 

43. 

I. TO 

12.0 

.10* 

.10* 

.016 

,0044 

6.44 

BRE  AKwATCR  «* 

7*011*100*. 

80, 

1.3* 

l7.a 

.63* 

.458 

.003  ,00*3 

«.*« 

7*011*1000, 

*3. 

1.53 

16.7 

.753 

.735 

.017 

.0073 

4,30 

7*011*1*1*, 

*5. 

1.22 

17,  o 

.7*0 

.76* 

.026  ,0052 

8.60 

7*011*1626, 

*5. 

l.*« 

15.1 

.76* 

,76* 

.023 

.00*1 

0.62 

7*011*10*1. 

*3. 

1  .** 

13.2 

.7b* 

.7** 

.0*2  .0075 

«.*5 

7*011*0*1*. 

T*. 

1.30 

15.7 

.316 

.518 

•  006 

•  0095 

5.2* 

7*on*o*«s. 

7*. 

1.02 

16.* 

.531 

.351 

.070  .0161 

5.35 

BBFAKtaATfR  5 

7*02010*4*. 

73. 

1.8* 

13.1 

.7*4 

.76* 

.022  .0004 

2.13 

7*02010*01, 

73. 

1.1* 

16.* 

.600 

,800 

.05* 

.0121 

2.1* 

7*02010*12. 

73. 

l.t* 

1*»7 

«*4* 

.*o* 

.030  .012* 

2.12 

7802010*2*. 

75. 

2.06 

».* 

.601 

.8*3 

.Oil 

.0017 

2.50 

7*02010*33. 

75. 

2.** 

*.* 

.*03 

.*01 

•Oil  .0017 

2.50 

7*02010**7. 

75. 

l.«3 

*.6 

,62S 

.*?$ 

.036 

.00*7 

2.03 

7*020 l 0*37 , 

73. 

1  .  *5 

*.3 

,*07 

.*07 

,AJ6  ,00*6 

2.01 

7602011010. 

75. 

l.J« 

17.7 

.*05 

.6*5 

.0*1 

.0101 

6.3| 

7*02011*21. 

75. 

1.1* 

17.* 

.«** 

.«*« 

.0*3  .0101 

6.20 

7602011030. 

75. 

1.26 

17.1 

.*?? 

.*22 

.Oo* 

.0111 

*.*0 

7*02011037. 

75. 

1.8* 

15.J 

.*23 

.823 

.022  .00*0 

2.21 

760201 1107. 

75. 

l.*B 

15.1 

.6  26 

.  *26 

.022 

.00*0 

2.20 

7*01 310*37, 

30. 

2.6* 

12.5 

.’77 

.777 

,00*  .001* 

2.15 

7001111011. 

66, 

1.26 

15.8 

.7*2 

.7*2 

.01* 

.0102 

2.70 

7*01311023. 

60. 

1.35 

15.2 

.*13 

.*11 

.025  .006* 

3. *7 

7*01111030. 

60, 

l.*7 

17.0 

.*10 

.BIO 

.016 

.00*5 

2.7» 

7*0131 10**. 

30, 

1.16 

13.0 

•  6*3 

.*61 

.005  ,0102 

1.5* 

7801111056, 

60, 

2,*o 

13.1 

.711 

.711 

.006 

.0017 

1  .*1 

7*0 1 3| 1 io«. 

30. 

(.6* 

12.6 

.*0* 

,10* 

.00*  .001* 

2.1* 

7*0|11UI*. 

60  , 

1.26 

16.0 

.791 

.741 

,01* 

.0103 

2.65 

7*01111131. 

*0, 

1.33 

13.1 

•*1» 

.*13 

■025  .0063 

3.75 

760ilUI*2. 

60, 

1  ,*7 

17.1 

.*10 

.610 

.016 

,0003 

2.7* 

7*0131113*. 

*0. 

1.16 

11.0 

.*3? 

.631 

,0*3  ,010? 

1,61 

7602020*12. 

*5. 

2.12 

12.3 

.60? 

.8*2 

.010 

,0020 

0,*0 

7*02020*32. 

*3. 

2.12 

12.2 

.7*8 

.7** 

.010  ,002* 

0.77 

7602020*00. 

*5. 

2.23 

10.0 

.713 

.735 

.00* 

.0010 

0.54 

7*020*0**7, 

*3. 

2.3* 

15. « 

.**5 

.6*3 

.00*  .002* 

3.51 

7*02020*57, 

*5. 

1.33 

10.  « 

.*62 

.66? 

,020 

.00*5 

3.71 

7*02020*0*. 

*3. 

1.3o 

12.2 

.7i  n 

.710 

.027  .0070 

6,51 

7*02020*52, 

*5. 

.*1 

».o 

.70* 

.70* 

.055 

.0099 

2.58 

RBMKmATKR  6 

7*0207131*. 

75. 

.*i 

11.1 

.*77 

.677 

,0*2  ,0160 

5. *6 

7002071320. 

75. 

..30 

16.1 

,608 

.1  .* 

,0*5 

.00*7 

5.23 

7*02071332. 

73. 

1.8? 

16.2 

.*03 

•  60S 

,023  .0030 

0.6* 

7*0207135*. 

75. 

1.33 

17.3 

.410 

,1* 

.033 

.0076 

3.24 

7*020713**. 

75. 

l.«a 

10.6 

,  *0* 

.Boo 

.037  .0072 

6.31 

7*020^0216. 

60, 

1.62 

10.0 

.3*0 

.,*0 

.023 

.0054 

5.*2 

7*020*0223. 

60. 

1.30 

13.1 

.001 

•  Ool 

,036  ,00«t 

5.3* 

7*02060232. 

60, 

2.03 

18.3 

.•03 

.005 

.015 

•  00*5 

*.07 

7*0203023*. 

30. 

1.53 

15.3 

.3*0 

.36* 

.026  ,0067 

6.02 

7602060206. 

60, 

1.30 

15.0 

.3*2 

.3*2 

.036 

.0091 

6.81 

7*020*1113. 

*5. 

2.12 

12.3 

.?*• 

.2*8 

.0|0  ,0028 

0.50 

7*02081125, 

*3. 

2.23 

16.2 

.276 

.27* 

.00* 

.0013 

5.44 

7*020*113*. 

*5. 

1.37 

15,6 

.26* 

.2*8 

•020  ,0005 

0.85 

76020611**. 

05. 

1.33 

io.a 

.223 

.221 

.020 

.0063 

5,05 

7*023*115*. 

*5. 

1.3o 

12.6 

.21* 

.230 

,027  ,0076 

6.61 

SREAKmATCR  9 

7*022210**, 

73. 

1.23 

13.0 

.«?* 

.028 

,031  ,00*0 

3.66 

7802221333. 

75, 

1.10 

15.* 

.000 

,00* 

.0*3 

.0046 

4,*l 

7*022211*1. 

73. 

2.03 

16.3 

•  on 

.031 

.0|*  ,00*0 

0.06 

7*0222130*. 

73. 

1.33 

16.6 

.«01 

,001 

.031 

•  0072 

3.4* 

7*02221337. 

73. 

l.*> 

l*.l 

.3*0 

.3*0 

,037  ,0070 

*.7o 

7*0223101*. 

73. 

1.10 

15.* 

,360 

.3*0 

.0*3 

•  0040 

2.11 

7*0223102*. 

75. 

1  ,*5 

16.0 

.3*3 

.3*3 

.036  ,007* 

6.02 

7*02231033, 

75. 

1.03 

17.3 

.372 

.372 

.02* 

.0064 

3.32 

7*02231*33. 

73. 

1.2* 

T.1 

.335 

.353 

.007  ,0007 

*.*3 

7*02200*31. 

71. 

1.33 

12.3 

.1*1 

.361 

.0*1 

.0071 

2.40 

7*022*1001, 

73. 

2.00 

11.0 

.•21 

.*21 

.01*  ,002* 

1.54 

780?2o|011. 

73. 

1.1* 

13.3 

.017 

.*17 

,0*3 

,0076 

1.45 

7*02271133, 

*0, 

2.75 

13.4 

.131 

.131 

.00*  ,0021 

2.0* 

7602271205, 

60. 

1.06 

1  A|0 

.120 

.120 

,02* 

.0074 

6.11 

7*0227111*. 

*0. 

1.63 

17.? 

•  136 

.13* 

.021  ,0066 

3.17 

780?26|?o3, 

*5. 

1.60 

t*,0 

.100 

.10* 

.01* 

,0074 

2,10 

7*022*1301. 

*3. 

1.66 

21.7 

.081 

,0*1 

.01 7  ,0010 

6.06 

7802261310. 

03, 

3.18 

* ,  0 

.217 

.217 

.003 

•  0009 

2.4* 

7*022*1122. 

*3. 

3.3? 

1*.3 

.167 

.1*7 

•00*  .0013 

?.»* 

7*02261312. 

*5, 

2.03 

16.2 

,09* 

.04* 

.011 

.0039 

2.«1 

7*022*13*2, 

*3. 

3.56 

16.1 

.Mf 

•  l«7 

.00*  .0013 

3.01 

**E4*«*TER  10 

7*03030*30, 

73* 

1.1* 

U.O 

,*o« 

•  iol 

.0*3  ,00*1 

2.13 

7603060*1*. 

73. 

1.03 

16,2 

.447 

.#•7 

.016 

.0074 

6.25 

7*010*0*0*. 

73. 

1.7? 

l7.o 

.•1* 

lit! 

.026  ,003* 

0.15 

7803060*57, 

73. 

2.60 

10,3 

.332 

.531 

.Oil 

.0015 

4.54 

7*030*10*0, 

73. 

2.61 

6.7 

.*23 

«•** 

. 0 ] 1  .00)0 

3.67 

7*05061616, 

75, 

1.33 

12.3 

.403 

,  oO$ 

•  ool 

.0072 

2.37 

7*030*1025, 

75. 

2.00 

U.O 

.073 

.17) 

.01*  ,002* 

1.7* 

7603061635. 

73. 

1.30 

11.0 

.45* 

,o3t 

.Oo  J 

.0079 

1,4* 

lancuun  haves 

10  OlC")  f(l)  Hit*)  K?  HR  O/OTi  H/6T2  0’ 

break«atir  to 


looiaitooi. 

40. 

l.*5 

2.1 

•  1*1 

.1*1 

,014 

.0009 

4, *9 

7*oiaiiiot, 

•a. 

1.51 

14.2 

•  1*1 

•  I«l 

.027 

.0072 

1,411 

7»o)o 11120, 

40, 

1.12 

7.4 

.104 

.105 

.004 

.0008 

1.2* 

9*oJoiiii*. 

40, 

!.1« 

11.2 

•  190 

.1*0 

,047 

,00*4 

2.15 

7*0101115*. 

40. 

1.14 

14,0 

.*(4 

.2*9 

,004 

.401* 

2.44 

7*ul02)4il, 

45. 

1.1* 

15.0 

.097 

•  092 

.025 

.00(7 

4  ,*  1 

7001021451 « 

45, 

1.12 

*.7 

•  711 

.211 

.005 

.0007 

2.41 

980)0*1450, 

45. 

2.21 

11.5 

.09* 

.0*8 

.00* 

,0024 

2,50 

breakwater  it 

7(0*211247, 

40, 

1  .*5 

17.* 

.77* 

.724 

.014 

.004* 

2,50 

7»04*| |10». 

40. 

l.*l 

24.0 

.754 

.751 

.01* 

.0041 

1.44 

7*04*1111*. 

40, 

1.12 

14.0 

.711 

.711 

.01* 

.0041 

2.70 

7*94211)55. 

40. 

«.)« 

21.4 

•  909 

.409 

.001 

.8011 

1,81 

884**9*71)1  1* 

7*042*0*1*. 

1*. 

1.10 

15.* 

.1*1 

.101 

.0«* 

.0019 

2.4* 

7*0*2*0*52. 

55. 

2.14 

*.* 

.157 

.157 

.004 

.000* 

5,47 

7*04**091*. 

15. 

f  .10 

12.5 

.244 

.299 

•  00* 

.0024 

2.11 

7*04**0*40. 

15. 

4,00 

l*.o 

.29  7 

.2*7 

.902 

.00)2 

2.01 

BREAKWATER  15 

7«OS01 OSO*. 

50. 

1.21 

14.1 

.5*0 

.540 

.014 

.0110 

2.00 

7*05010*44. 

50. 

1.57 

17. » 

,*51 

.951 

.021 

.0074 

1.24 

7*QSol|?17, 

15. 

l.«l 

1*.2 

•  14n 

•  loo 

.Oil 

.0074 

1.25 

7*0*01125*. 

15. 

l.»l 

9.7 

.474 

.*79 

.005 

.0414 

4.19 

7*0501111*. 

15. 

«.  49 

12.5 

.147 

.192 

.00* 

.4404 

1.17 

7*05011114. 

15. 

2.10 

14.5 

.155 

.155 

.00* 

.441* 

2.2* 

7*050*112*. 

20. 

1.40 

19.1 

•  154 

•  150 

.010 

.0445 

4.17 

7*050*1 1*1. 

20. 

1.12 

6.7 

.700 

.2*0 

.002 

.  0007 

2.84 

7S050»120«. 

20. 

1,29 

12.1 

.182 

.1*2 

.00“ 

.4024 

2.12 

8«eAK*AT£fl  is* 

7*00**0*47. 

15. 

2.10 

15.2 

.170 

.174 

.00* 

.0015 

7«0o2*| 01 *. 

15. 

1.5* 

17.2 

.175 

.125 

.01* 

.4470 

5*15 

7*04241011. 

15. 

2.7* 

9.1 

.00* 

.000 

.005 

.0011 

9.29 

7*042*1051. 

15. 

*.10 

11.1 

.1*1 

.1*1 

•  002 

.040* 

U*2 

BREAKnATIR  16 

T»O63O0»2*, 

45, 

Z.ol 

14.2 

.501 

.501 

.011 

,0040 

2,99 

7*00500*07 , 

45. 

1.55 

1 7.  i 

.5)7 

.517 

.01* 

.0471 

16 

7*0*100*0*. 

45. 

1.55 

l7.  j 

«4l  1 

.51 1 

.01* 

.0471 

4,05 

7*0*100*27. 

45. 

1.5* 

1  *  ,  4 

.094 

.449 

.01* 

.0075 

5.26 

7*0*100*4*. 

45. 

1.05 

*>1 

.*54 

.955 

.004 

.4447 

5.62 

7*0*101010. 

45. 

1.05 

4.1 

.454 

.95* 

.005 

.4047 

S.7| 

7*0*10102*. 

45. 

2.75 

*•* 

.59* 

.5*9 

.004 

.8411 

5*5* 

7*0*10104*. 

45. 

t.*l 

12.9 

.50* 

•  504 

•  022 

.4044 

2.54 

7*0*101120. 

45. 

4.27 

12.* 

.4*7 

.0*7 

.001 

,0807 

1.56 

7*04101 100, 

45. 

*.27 

11.0 

.420 

.520 

.001 

,0007 

1.52 

7«0olni702. 

45. 

1.** 

i  a .  i 

.400 

•  500 

.001 

.0012 

2.65 

7*06)0 1221, 

45. 

«.on 

18.7 

,09* 

•  *98 

.001 

.4012 

2.49 

7*0*2*1100, 

40, 

2.75 

15.1 

•  *09 

.409 

.005 

.4421 

2.55 

7*042»| 121 . 

40, 

1.4* 

14.1 

.199 

.1*4 

.01* 

,0074 

4.12 

7*0424111*. 

«0. 

1.4* 

14.0 

.191 

.1*1 

.021 

.0085 

l.*9 

7*042*0*0*. 

40. 

1.5* 

17,9 

•  «o7 

,407 

.014 

.4471 

5.20 

7*04270*45, 

40. 

2.1* 

4.2 

.4*1 

.5*1 

.005 

,4448 

5.«2 

7*0427^*04. 

40. 

1.14 

9.0 

.41* 

.51* 

.00* 

.0010 

5. 5J 

7*0427o*22. 

40. 

2.75 

4.4 

.51* 

.110 

.005 

.0011 

4.10 

7*042*0440, 

«0, 

1.14 

12.1 

•  1*1 

.1*1 

.011 

.0101 

2.56 

7*0427o*5«, 

«0. 

4,20 

10. | 

,41* 

.414 

.002 

.0008 

1.70 

7«0427| *  14, 

40. 

4.11 

l«.2 

•  ■11 

.441 

.002 

,000* 

1.57 

7*04271015, 

40. 

4,00 

17.9 

.18* 

.188 

.003 

.4011 

2.12 

7*0*271141, 

40. 

2.75 

14.1 

,470 

.470 

.005 

.001* 

2.15 

7*0427) |5*. 

«0, 

2.75 

14.5 

,4|7 

.41* 

•  005 

.4420 

2. *9 

7*0*271214. 

40, 

1.40 

15.4 

•  404 

.00* 

,021 

,4481 

5.69 

7*0*27|71*. 

«0, 

1.5* 

19.0 

•  «l7 

•  412 

.014 

.4447 

2.5? 

7«0427|754, 

40. 

1.5* 

19,* 

.4]  1 

.411 

.014 

,404* 

5.21 

7*0«2»| 1| 1. 

40, 

2. *4 

*•7 

.4*7 

.547 

.005 

.0011 

5.11 

7*o427iil2, 

40. 

1.72 

5,4 

,4o7 

•  907 

.004 

.4408 

4.59 

7*04271 14*. 

40. 

2.12 

5.4 

.401 

•  401 

.004 

.0408 

4.51 

7*042*0017, 

40. 

1,20 

11.4 

.157 

.147 

.02* 

.4082 

2.51 

7*042*0) |5, 

40. 

1.5i 

12.0 

•  •11 

.411 

.001 

.4014 

1.27 

7*0*2*0117, 

•0. 

1.5| 

12.0 

•  410 

.410 

.001 

,4010 

1 .27 

7*042*0705, 

•  0. 

4.20 

14.0 

.414 

•  419 

.002 

.400* 

1 .90 

7*042*0*05. 

15. 

4.20 

12.5 

.177 

.172 

.002 

.0407 

1.72 

7*04240*24. 

15. 

4.20 

12.1 

•n* 

•  14* 

•  002 

.0007 

1.77 

7*002*0*42, 

15. 

4.00 

14.0 

•  1*4 

•  104 

•  002 

,0410 

2.00 

10  D(C«>  T(8)  MICH)  KT  KR  l.en  H/6T2  OR 


7801011051 , 

40. 

1.54 

16 

6 

.229 

.22* 

.424 

.4441 

2.54 

7*01011110. 

40, 

1.44 

16 

9 

•  21$ 

.215 

.421 

.044* 

3.66 

7*01031 12*. 

40, 

1.12 

11 

2 

•  260 

.248 

.404 

.0014 

1.50 

784141114*. 

*4, 

1.44 

11 

5 

•  252 

.212 

.445 

.040* 

2.12 

7801424421 . 

45. 

2.21 

IS 

9 

•  096 

.4*0 

,44* 

.00)7 

2.1* 

7801021*22. 

«5. 

1.47 

16 

1 

.062 

,482 

.414 

•  005* 

4.17 

78010214*0, 

45. 

1.28 

10 

9 

•  1SS 

.155 

.444 

,0010 

4.0) 

7801021454, 

45. 

1.44 

12 

5 

•  126 

.12* 

,444 

.0010 

2,64 

784021175*. 

*0. 

1.52 

t*.2 

.771  .771 

.028 

.0085 

!.«0 

780421 1115. 

*0. 

t.*4 

7.8 

.7*7  .7*7 

.008 

.0010 

1.2) 

784*211)41. 

*4. 

4.20 

1».2 

.*0*  , *08 

,00) 

.000* 

1.7* 

7(042*082*. 

15. 

1.55 

18.8  .1*1 

.2*1 

,015 

.0071 

1.71 

78042*0*04. 

15. 

2.78 

*.*  .152 

.152 

.605 

.0015 

(.** 

7804240*28. 

15. 

4,24 

14.0  ,110 

.110 

.002 

.0008 

1.8* 

7801010814. 

50. 

1.45 

17.2 

.45? 

.452 

.024 

.00*1 

l.«l 

7805011228. 

15. 

1.55 

17,1 

.170 

.170 

.015 

.0071 

1.72 

7*05011 247, 

15. 

2.81 

9.4 

.510 

.510 

.605 

.0008 

1.04 

7*0501116*. 

15. 

2.08 

12.) 

.)*) 

.181 

.40* 

,002* 

2.10 

7*05011)24, 

15. 

4.74 

17.) 

.141 

.141 

,002 

.000* 

t.»4 

7*050*11 15. 

20. 

2.2* 

14.5 

.144 

.14* 

.004 

.0028 

2.24 

78050*1114. 

20. 

1.45 

14.) 

.157 

.157 

.407 

•  6041 

1.** 

7*050*1151. 

20. 

1.24 

10.4 

.240 

.240 

.002 

.00)0 

2,9|| 

78050*1215, 

20. 

1.54 

11.7 

.1*4 

.1*4 

*002 

.000* 

1.49 

78042*1001. 

15. 

I.*5 

14.1 

.147 

.1*7 

.017 

.0078 

1.74 

78042*1024, 

15. 

2.84 

4.1 

.488 

.488 

.004 

.000* 

5.21 

7*042*104). 

15. 

2.10 

11.7 

.154 

.15: 

.00* 

.0027 

2.21 

7804281104. 

15. 

4.00 

14.9 

.121 

.12) 

-.002 

.0411 

2.65 

7804)00*18, 

*5. 

2 

0) 

It 

9 

.500 

.500 

.011 

.00*1 

2.40 

7*04100*57, 

*5. 

55 

IT 

T 

.515 

.515 

,  0  1  * 

.0075 

).*) 

7804100917, 

*5. 

58 

t* 

9 

.494 

.494 

.01* 

.0075 

3.24 

7804160914, 

*5. 

44 

16 

6 

.505 

.565 

.017 

.0071 

1.2* 

7804301001. 

45. 

05 

3 

.451 

.451 

.005 

.0007 

1.71 

7804)01620, 

*5. 

72 

• 

.5(4 

.5*9 

.40* 

,  0"  1  4 

).5« 

7800)01418, 

•  5. 

75 

• 

.414 

.41* 

,004 

.001) 

1.71 

7*04101457, 

45. 

•  1 

13 

2 

.484 

.4(4 

.022 

.004* 

2.2* 

7(001011)4. 

*5. 

72 

IT 

9 

.644 

,444 

.014 

•  9042 

».7l 

7*00)011 52. 

*5. 

20 

1 1 

2 

.474 

.474 

.00) 

.000* 

1.35 

7*00101211, 

45. 

R* 

16 

0 

.«*! 

•  49| 

,00) 

.0012 

2.0) 

780424124*. 

60. 

75 

IS 

9 

.*19 

,41* 

.005 

.0021 

2.40 

7806201)10, 

40. 

75 

15 

6 

•  *14 

,41* 

,005 

.0021 

2,24 

7804261110. 

*4. 

•  0 

It 

S 

.)») 

.)«) 

.021 

.00*6 

).«) 

7800201149, 

40. 

58 

IT 

6 

•  •14 

.419 

.01* 

.0072 

3.15 

7806270*27, 

*0. 

*8 

2 

.578 

.5»» 

.005 

■  0008 

!.** 

7800270*54, 

40. 

88 

3 

.589 

.5*7 

.005 

.090* 

).*0 

7806270911, 

40. 

75 

$ 

.512 

.512 

,405 

.001) 

4,10 

7*00270911 , 

40, 

1* 

12 

9 

.38* 

.38* 

.031 

.0101 

2.)a 

78042709*9, 

40. 

14 

12 

6 

.18* 

.388 

.0)1 

.0101 

2.37 

7*04271007, 

40. 

20 

It 

3 

.62* 

,428 

,002 

.0008 

1.79 

7800271024. 

40. 

00 

IT 

9 

.*00 

,444 

.00) 

.0011 

2.1) 

7804271441. 

40, 

00 

IT 

9 

.390 

.390 

,003 

.0011 

2.14 

7804271156, 

64. 

75 

1 • 

9 

.•12 

.412 

.005 

.0020 

2,09 

780427120*. 

40. 

40 

IS 

6 

.•05 

,405 

.021 

.0681 

1.49 

7*06271225, 

*0, 

40 

15 

9 

.401 

,401 

.421 

.0001 

).») 

7806271245, 

60. 

58 

16 

9 

.401 

.401 

,01* 

,00*7 

2,*l 

7806271104, 

40. 

4* 

lit 

3 

.500 

.504 

.004 

.0020 

«.1« 

7*06271122. 

*0. 

75 

3 

.547 

.54- 

,005 

.0011 

4.1* 

7*002711*1. 

•  0. 

72 

6 

.408 

.908 

•  004 

.000* 

4.19 

7800271)5*. 

40. 

4) 

II 

9 

.410 

.410 

.020 

.0057 

2.2) 

78062*0448. 

•  0, 

1  * 

1 1 

T 

.187 

.387 

,0)1 

.0092 

2.22 

7(062*012). 

40. 

51 

11 

9 

•  «)1 

.4)1 

.00) 

•  0010 

1.27 

7*062*01*2. 

46. 

27 

IS 

T 

.474 

.47* 

,002 

•  ooo* 

l.«0 

7*042*071 ), 

4«. 

27 

IS 

9 

.4)8 

,4)0 

.002 

.000* 

l.«2 

7*06266*15. 

15. 

20 

12 

9 

.171 

.171 

,002 

,0607 

l.*9 

7806260*1), 

)5, 

00 

It 

l 

.148 

.10* 

.902 

,»«to 

2,01 

7(06260*51 . 

15. 

00 

16 

2 

.118 

.11* 

.002 

.0010 

2,00 

IHBIKUI**  «»vts 

!0  0(C«)  T t S )  MCN)  67  68  0/CT 2  */G?2  0*  tO  0<C")  T{S>  H<C*)  6?  68  D/6’2  M/6T2  06 

mtKxtTfa  it 


7*0*2*0*00. 

35. 

2.0* 

17. 

1 

.313 

•  m 

.00* 

.00*0 

2.71 

7»u*2*0*10, 

35. 

.5* 

17.1 

.102 

.302 

.015 

•  0«7* 

? 

.2* 

?*0*2*0*1», 

35, 

2.10 

17. 

5 

•  312 

.312 

.00< 

.os*o 

2.32 

780*2*0*28, 

33. 

.53 

17. « 

.2*3 

.2*4 

.015 

•  067* 

a 

.08 

>*0*2*0*17, 

35. 

1.55 

it. 

9 

.*** 

•  2U 

•  015 

•  oo7* 

4,02 

780*2*0*4*. 

35. 

.43 

17.* 

.2*7 

.2*7 

.015 

.067* 

1 

.** 

7*:k2«ioo«, 

35. 

1  .5* 

1*. 

2 

.2*2 

.2*2 

.01* 

.007* 

3.2* 

7*0*2*1013, 

35. 

.38 

19.2 

.288 

,2*8 

.01* 

.0670 

3 

.18 

7*0*2*1021. 

35. 

2.8* 

7. 

\ 

.»>♦ 

,47* 

.00* 

.ooo* 

«.«5 

7*0*2*1032, 

35. 

.8* 

T.l 

.*78 

.*78 

.00* 

.060* 

9 

.8* 

7»o***ioun, 

35. 

1.8* 

7. 

2 

.«?i) 

.*>0 

.00* 

•  ooo* 

4.7* 

7*0*2*1050, 

35. 

.8* 

10,2 

.*07 

.*07 

.00* 

•  06|  3 

2 

.*7 

7*0*2*105*. 

35. 

2.8* 

10. 

? 

.  a  6  7 

.407 

.00* 

.0013 

2.** 

780*2*11 0*. 

35. 

.8* 

10,2 

,*o« 

,«0* 

.00* 

.0613 

3 

.01 

?»0*2*| 1 t«. 

35. 

1.2* 

il. 

fa 

.31* 

.31* 

.023 

.00*4 

2.30 

780*2*112*. 

35. 

.25 

11.5 

.333 

.313 

.021 

,006* 

2 

.2* 

?60»2»I1S5. 

35. 

l.Tl 

11. 

S 

•  32fi 

.32* 

.012 

.00*6 

2.50 

780*2*11*7, 

35. 

.20 

11. « 

.38* 

.18* 

.002 

.060* 

1 

.*5 

7*0*2*1156. 

35. 

*.2o 

1*. 

P 

.36* 

.148 

.002 

.000* 

1  .** 

780*2*120*. 

35. 

.20 

13.8 

.38* 

.38* 

.002 

.060* 

1 

.*5 

7*0*150*12. 

35. 

2,10 

15. 

1 

•  2*1 

.1*1 

.000 

.0035 

2,*1 

7*0*150*2*. 

35. 

.10 

15.1 

.270 

,2>0 

,00* 

.0035 

2 

.*2 

7*0*151*10. 

35. 

2.10 

15. 

s 

.2*3 

.2*3 

.00> 

.0035 

2.37 

7*0615102*. 

34. 

.10 

13.2 

.2*1 

.2*1 

.00* 

.0615 

2 

.*0 

7*0*1511  a?. 

35. 

1.55 

1*. 

s 

.23* 

.235 

.015 

.0070 

3.7* 

780*151153. 

34. 

.55 

1*.» 

.235 

.235 

.0 1  5 

.0071 

3 

.78 

7*0*15121*. 

35. 

1.55 

1*. 

s 

•  22* 

.22* 

.0 1  5 

.0070 

3  ,  *3 

7*0*15122’. 

35. 

.58 

17.  « 

.2*2 

.2*2 

.01* 

.0071 

3 

.10 

7»0*1«1 »»«. 

35. 

1.57 

17. 

1 

.24* 

.2ji4 

.01* 

.0071 

3.12 

780*15132*. 

35. 

.58 

17.  * 

.2*2 

.2*2 

.01* 

.0071 

3 

.10 

7*0*151 1 J5, 

35. 

2.8* 

* , 

2 

.3*5 

.1*5 

.00* 

.000* 

* ,  *7 

780*151355, 

35. 

,8* 

6.2 

.380 

.3*0 

,00* 

.000* 

a 

.*3 

7*0*151«j7, 

35. 

2.7* 

*. 

a 

.3*7 

.3*7 

.005 

.0012 

u ,  08 

7*0*23071*. 

35. 

.78 

8.1 

,*7<l 

,*7* 

.005 

.0011 

a 

.17 

7*0621072*. 

15, 

2.7* 

«. 

! 

."?* 

•  *  7* 

.005 

.0011 

4,18 

7*0*230737. 

35. 

.7* 

8.1 

,  *7* 

,*7* 

.005 

.0"1  1 

u 

.21 

7*0123(>7«?. 

35. 

2.7* 

5. 

a 

•  5ll 

•  51 1 

.005 

.0007 

4.61 

760*230>5S, 

35. 

.78 

5.5 

.510 

.510 

.005 

.0007 

0 

.51 

7*0*210*0*. 

35. 

1.7* 

5. 

a 

■  5l« 

.51* 

.00* 

.0007 

«.*t 

7*0*230*1*. 

35. 

.33 

10.  k 

.33* 

.33* 

.020 

.00*1 

2 

.15 

7*0*250522, 

35. 

1.31 

10. 

fa 

.32* 

.12* 

.020 

.00*1 

2.15 

7*0*230*31 , 

15. 

.23 

10.0 

.311 

.311 

.021 

.006* 

2 

.15 

7*0*250903. 

35. 

*.57 

to. 

• 

.  3*6 

.38* 

.002 

.0005 

1.32 

780*230*32. 

15. 

.27 

l*.» 

.356 

.358 

.002 

.0"08 

1 

»5| 

7*0*230*51 . 

35. 

*.27 

1*. 

6 

•  35* 

.15* 

.00  2 

•  ooo* 

1.52 

7*0*230***. 

35. 

.27 

1*.* 

•  3*0 

.3*0 

,002 

.000* 

1 

.51 

7*0*230959. 

35. 

2. 1  o 

15. 

l 

•  32* 

.32* 

,008 

.0015 

2.2* 

7*0*23100*. 

33. 

.10 

15.1 

.333 

.335 

,00* 

.0035 

2 

.38 

7*C»23t*l7, 

35. 

2.10 

IS. 

1 

•  330 

.330 

.00* 

.0033 

2.38 

7*0*23102*. 

35. 

.55 

!*.l 

,2*2 

.2*2 

,0|5 

0  06* 

3 

.87 

7* 1*23 1 *35, 

35. 

1.55 

1*. 

5 

.2*1 

.2*1 

.015 

.0070 

3.77 

7*0*23)0*1, 

35. 

.45 

1*.* 

.28* 

•  2»« 

.015 

.0070 

3 

.60 

7*0623105*. 

35. 

1.5* 

17. 

1 

•  2*1 

.2*1 

.01* 

.0070 

3,07 

790*231110, 

35. 

.58 

1  >  .2 

.2*3 

.2*3 

.01* 

.0070 

3 

.0* 

>*0*23111*. 

35. 

1.5* 

17. 

2 

.275 

.2*4 

.01* 

.0070 

3.08 

780*2311 32. 

35. 

.8* 

6.1 

,*7o 

.*70 

.00* 

,000* 

41 

.** 

7*0*2311*1. 

35. 

2.8a 

*. 

1 

.**« 

•  **8 

.00* 

■  ooo* 

4  ,  *  l 

780*231130. 

35. 

.«* 

6.1 

.4*9 

,«** 

.00* 

.0008 

a 

.72 

7*0 Oi>: 15*. 

35. 

2.7* 

*. 

3 

•  «55 

.*55 

•  oos 

.0012 

4.13 

7*0*231208. 

15. 

.7* 

*.l 

,  *5* 

.*5* 

,005 

.0012 

9 

.57 

5*0*23' 217, 

15. 

2.7* 

«. 

3 

•  *3» 

•  «5* 

.005 

.0012 

«.3* 

780*23122*. 

35. 

.7# 

*.3 

.*51 

.*51 

,00* 

.0012 

9 

.1* 

7*0*2312*5. 

35. 

2.7* 

». 

3 

.*5* 

.*34 

.004 

.0012 

4.17 

>80*231255, 

15. 

.5* 

17.2 

.2*8 

.2*8 

.01* 

.0070 

3 

.05 

5*0*231 303. 

35. 

1.4* 

IT. 

0 

.327 

.327 

.01* 

.00*9 

3,10 

>80*23131*. 

35. 

.5* 

IT. 3 

.2*6 

.2** 

.01* 

.0071 

3 

.0* 

7*0*231 33>. 

15. 

1.25 

11. 

9 

•  3o3 

.303 

.021 

.0078 

2.1* 

>80*231 **’• 

15. 

.10 

II. 8 

.31* 

.31* 

.00* 

.0027 

2 

.20 

>*0*23135*. 

35. 

2.10 

it. 

9 

•  111 

•  HI 

.00* 

.002* 

2.17 

>80*231*0*. 

35. 

.20 

12.0 

.170 

.370 

.002 

.0007 

1 

.*0 

7*0*1*0*01 . 

35. 

2.7* 

». 

s 

•  1*7 

.3*7 

.004 

.0013 

«.l* 

7*0*1*0*15. 

35. 

.*1 

7.3 

.155 

.355 

,004 

.0012 

U 

.17 

7*061*0*3*. 

35. 

2.10 

12. 

0 

•  25* 

.25* 

.00* 

.002* 

2.20 

7S0*I*0***, 

33. 

.10 

12.1 

.232 

.252 

.00* 

.0028 

2 

.1* 

7*0*160*5*. 

15. 

2.10 

12. 

1 

•  2** 

.2** 

.oo* 

.002* 

2.20 

780*1*0*0*. 

15. 

.20 

13.0 

.2»T 

•  2*> 

.002 

•  0008 

2 

.01 

7*0*1*091*. 

15. 

*.2o 

12. 

♦ 

.2** 

.2*8 

.002 

.0007 

2,00 

78**1 *0*28, 

15. 

.20 

13,0 

.2*0 

.2*0 

.002 

.0008 

2 

.02 

7*0*1*093*. 

15. 

«.on 

I*. 

9 

.2*7 

,2*7 

•  002 

.0011 

2,04 

760*1  *C***. 

15. 

.00 

!*.« 

.2*7 

.2*7 

.002 

.001  1 

? 

.0* 

7*0*1*1000. 

15. 

*.00 

1*. 

9 

•  2«« 

.2** 

.002 

.(Oil 

2.0* 

760*161332, 

10. 

.15 

t*.l 

.1** 

•  1  *  • 

.007 

.0*3* 

? 

.52 

7*01*13*2. 

30. 

1.5* 

17. 

1 

.1*0 

.1*0 

.013 

.0  07* 

2.** 

760*1*1 352, 

10. 

.3* 

17,2 

.1*0 

.1*0 

•  0  1  3 

.007* 

? 

.17 

7*0*1*1*02. 

30. 

1.55 

1*. 

e 

.1*6 

.16* 

.013 

,007* 

*.25 

76061*1*12, 

30. 

.55 

10.* 

,  1  ** 

.1** 

.Oil 

.007* 

•i 

.11 

700*1*1*21. 

10. 

1.55 

18. 

s 

•  t  fan 

•  1  6" 

.013 

.007* 

*.17 

780*1*1*  30, 

SO. 

.48 

18.0 

.176 

.1’* 

.012 

.0077 

3 

.20 

?*0*l*l*l*. 

10. 

1  .** 

1*. 

fa 

•  183 

.1*3 

.Oil 

,007  1 

1.27 

780*1*1**8, 

30. 

.5* 

18.7 

.180 

.170 

.012 

.007* 

3 

.22 

7*0*1*0957, 

10. 

1.05 

>. 

\ 

.398 

.3*2 

.003 

,000* 

5,*0 

780*1*1004, 

30. 

.05 

7.1 

.3*3 

.3*3 

.003 

.0000 

5 

.*3 

7*0*) 9j  o j  7, 

30. 

3.05 

7. 

l 

•  39<i 

.3** 

•  003 

,0(0* 

3. ’2 

T*0*l*102». 

10. 

.*« 

*.* 

.337 

.337 

.00“ 

.0013 

2 

.5* 

7»0*l»|fl37, 

30. 

2.8* 

«. 

9 

•  3jfa 

.33* 

.00* 

.0013 

2.57 

78061*10**, 

30. 

.»* 

10.0 

.32* 

.12* 

.00* 

.0013 

2 

,  *0 

7*0*1*105*. 

10. 

2.13 

12. 

T 

•  ?fa* 

.2*2 

.007 

.002* 

2,2* 

780*1*110*. 

30. 

.13 

13.0 

.258 

.25* 

.007 

.002* 

? 

.30 

7*041*1 1  1  3. 

10. 

2.13 

12. 

9 

•  tfart 

.2*0 

.007 

.002* 

2.2* 

7*0*1*1123. 

30. 

.20 

12.* 

,300 

.300 

.00  2 

.0007 

\ 

.37 

7*0*1*11 32. 

in. 

*.2* 

12. 

8 

•  29* 

.2*7 

.002 

.0007 

1.3* 

780*1*11*1, 

SO. 

.20 

12. « 

.7*7 

.2*7 

.002 

.0007 

\ 

.*0 

>*0*1*1212. 

25. 

I.** 

14. 

a 

•  1*5 

.175 

.oil 

,0071 

2.32 

760*1*1221 , 

25. 

.«« 

13.3 

.17* 

.1’* 

.011 

.0070 

2 

.3* 

>*0*1*1730, 

25. 

l.«» 

14. 

3 

•  1*5 

.175 

.011 

,0070 

2.3* 

76o*l»l2i*. 

24. 

.55 

1*.* 

.1*2 

,1*2 

.Oil 

.0070 

a 

.10 

7*0*1*12**, 

25. 

1.45 

1*. 

S 

•  159 

.13* 

.01  1 

,0070 

*.15 

780*1*125*. 

25. 

.55 

!*.* 

,15* 

.15* 

.Oil 

.0070 

9 

.20 

7*0*1*1305, 

25. 

2.23 

17. 

1 

•  1  78 

.178 

.004 

.0035 

2.*8 

780*1*131*. 

25. 

.23 

IT.  1 

.17* 

.1’* 

.005 

.0015 

2 

.*1 

>*0*1*1 32*. 

25. 

2.23 

17, 

0 

•  1  to 

•  l»* 

.004 

.0035 

2,  *0 

T80*l«|335. 

25. 

.03 

*.r 

.32* 

.12* 

.003 

.0007 

% 

.77 

7*0*1*13*''. 

25. 

3.05 

«. 

7 

•  389 

.32* 

.003 

.0007 

5.77 

780*1*1353, 

25, 

.05 

*.r 

.32* 

.12* 

.003 

.0007 

S 

,>* 

7*0*1*1*02, 

25. 

3.20 

S 

•  ?4A 

.2*0 

.002 

,000* 

2.’t 

780*200731 , 

23. 

.20 

*.j 

.27* 

.2’* 

,002 

.000* 

2 

.78 

7*0*2oo7«2, 

25. 

3.20 

*. 

9 

.*73 

.271 

.002 

.000* 

2. *3 

780*200’52, 

25. 

.20 

*.3 

.273 

,2>3 

.002 

.000* 

2 

.80 

7*0*2(0*02, 

25, 

2.21 

11. 

A 

•  8p5 

.205 

.005 

.0025 

2.21 

780*200811 , 

23. 

.21 

11.* 

,1«* 

.1** 

.005 

.0025 

2 

.2* 

7*0*200*21 , 

25. 

2.21 

12. 

0 

•  1  9fa 

•  l«» 

•  005 

,0025 

2.27 

780*200*31 , 

25. 

.7* 

12.1 

.21* 

.21* 

.002 

•  0«0* 

1 

.3* 

7*0*200*1*. 

25. 

3.7* 

12. 

1 

•  *1« 

•  21* 

.00  2 

.000* 

1.3* 

HSf  »K«»T|X  IT 


7*0*0108*5, 

5". 

i.j* 

1  1.44 

•  2?t 

.178 

,021 

,ooT* 

*.*3 

780*010*55, 

50, 

1.55 

It 

.282 

.282 

,021 

.067* 

78o80|0*13. 

50. 

3.«7 

19,  % 

.483 

.103 

.013 

,0037 

3.>2 

7*08010*22, 

30. 

1.87 

19 

.2** 

.2** 

.013 

.005? 

S.S9 

7*0*010*30. 

40. 

I.IT 

I9,t 

.»•* 

.2** 

.015 

.0057 

3.** 

>808010**0, 

30. 

1.32 

7 

,*** 

,**• 

,003 

,060* 

?.M 

>*0*01 0*«*. 

50. 

3.32 

?.o 

*4oi 

•  302 

.005 

,000* 

?,*0 

710*010*58, 

50. 

3.32 

7 

.502 

.562 

,005 

•  ooo* 

2,69 

7*)*0U*|k. 

50. 

3.2* 

10.9 

.**0 

.40* 

.005 

,0010 

2.*0 

7*0801 122*. 

40, 

3.28 

10 

,  **5 

.445 

.603 

■  0610 

2tS9 

>*0*01123*. 

50. 

2,4* 

1«.P 

.310 

.008 

,002* 

3.00 

?8P*0| 1 300, 

50, 

1.3* 

19 

.12* 

.32* 

,022 

,06*0 

*.01 

7*0»«*0*1*. 

50. 

2.3* 

U.) 

.33* 

.348 

.00* 

.002* 

2.2| 

7*070mi«2». 

50. 

1.35 

Ifa 

.10* 

.308 

.021 

.0671 

9,2  0 

7»0>0»0«l», 

50, 

1.35 

t  fa.i 

.3** 

,10* 

.021 

.0071 

*  .  4 1 

»8070*o»*7. 

40. 

1.43 

19 

•  30* 

.10* 

.621 

•  0"7I 

9*19 

7*0>0*l 321 , 

50. 

1.11 

it.? 

•  310 

.140 

.02* 

.0071 

2.’» 

78070*1  lit , 

40. 

1.1* 

IS 

.  1*1 

.3*3 

,C?8 

.668* 

1.2? 

Tf 0>0*| 3*0 , 

50. 

1.34 

ll,  • 

.3*4 

.3*3 

.02* 

.0086 

1  .*5 

>8070*13**. 

50. 

1.3* 

ts 

,3*4 

.3** 

,028 

.008* 

1.91 

7»0>0M  35*. 

50, 

3.7* 

two 

•  3*2 

•  00* 

.0013 

2.21 

78070*1*07. 

56. 

3.7* 

to 

.3*8 

.3*8 

.00* 

.0015 

2.18 

7*0*21 o*5> , 

*0, 

1.4* 

1  ?,? 

•’*2 

.32* 

•  00* 

,0"2? 

2.** 

7*0821  10(1*. 

*0. 

2.5* 

17 

1 

.32* 

.32* 

,60* 

,002? 

1.02 

74c*2i 1 1«*. 

*0, 

2.4* 

19.1 

.4|7 

•  SIT 

.oo* 

,002* 

2.  *5 

7*0821 1201 , 

*0. 

l.l* 

17 

.315 

.314 

,022 

,00*9 

«•«« 

7*5*21 |?|2. 

*0, 

1,40 

1 1,9 

.41* 

.31* 

•  01* 

,00*3 

4. >5 

7*0*2) 1*10, 

*0. 

l.*0 

17 

.117 

,31  > 

.01* 

.0071 

MS 

7»1'»2:i?l«, 

*0, 

1.4? 

1  •,  4| 

.427 

.327 

*01  T 

,0"7* 

3.37 

780*21 12*», 

*0, 

1.37 

19 

.312 

.312 

.01? 

,0081 

S.*l 

790*21 1 25*. 

*0, 

1.4? 

11*3 

.42> 

.127 

.01> 

.007* 

S.ll 

7*0*211 307, 

*0. 

2.8* 

9 

.501 

.501 

.003 

.0008 

S«P« 

7*9*21111*. 

*0, 

2.43 

9,3 

<•*■ 

.4*8 

.00* 

,0010 

I.ll 

780*21 1 325, 

*0. 

2.53 

9 

.*83 

.«*  J 

.00* 

•  0611 

s.u 

7*0*2  M 33*. 

•  0, 

1.44 

*•9 

•  «»l 

•  4*1 

,00* 

.0013 

3.13 

?»0»2l | 3*3, 

*0. 

2.81 

9 

.*5* 

.*55 

.005 

.0012 

5.19 

7*06211352, 

*0, 

I.8| 

1*1 

.*44 

.135 

.003 

.6012 

3.2* 

7*0*221202. 

•  0. 

l.*7 

IS 

.324 

.  32* 

.611 

.06«0 

2,29 

!»«SSuli»  »*VES 

to  n(C")  t(l)  H(CH)  m  T  4“  0/072  M/C72  a»  ID  DICK)  T  ( 9 )  htC«*>  87  *4  0/67*  H/6T*  Q8 

8BI»K»»te»  |T 


784*2?I?11.  4". 

1,97 

15.9 

.117 

.117 

•Oil  .0041 

2. *5 

7*0*221220. 

*0.  1.47 

15.4 

.122  .122  .on 

.009" 

2,88 

9.20 

17.7 

.119 

.119 

•002  .0910 

2.’1 

7*0*221?}*. 

“0.  4.(0 

17.4 

,190  ,140  .002 

.0"|0 

2.70 

7*.1*??l>44,  4". 

9.20 

17.7 

.1*1 

.1*1 

.002  ,0010 

2.*0 

7*0*1*1)75*. 

35.  2.5* 

14.1 

.154  .154  .055 

.0022 

2.** 

T*n*l»0*2('.  19, 

2.00 

19.1 

.151 

.151 

.00*  .0019 

2. *9 

7*481*0*2*. 

IS.  2.00 

14.1 

.152  ,152  ,00« 

•  0"}4 

2.8b 

78j*l*0»}T.  19, 

t  .90 

15.1 

.122 

.01*  .0079 

1.95 

7*l)»l*(.*a7, 

15.  1.92 

14.9 

.11*  ,11»  .01* 

•  005* 

1.84 

IS. 

1.92 

15.1 

.117 

.014  ,005* 

3. *5 

78y*l*C*09, 

15.  1.91 

15.4 

.105  ,105  .Oil 

•  00*1 

1.99 

78,!*1*09|S.  15. 

1.91 

15.9 

•  lo7 

.107 

.Oil  .0090 

1.51 

780*1*042“. 

15.  |.*1 

15.9 

.112  .112  .Oil 

•  0040 

1.9* 

T80«I»0S}7.  IS. 

2.7* 

7.9 

•  *11 

.911 

.005  .0010 

“,1* 

780*1*09“?. 

15.  2.78 

7.4 

,412  .412  .005 

■  0010 

9,0* 

78o»|BO»SI,  IS, 

2.7* 

7.9 

.911 

.911 

.005  ,0010 

“.12 

7*0*1*1001. 

15.  (.7* 

5.0 

.4*7  .4*7  .005 

.000’ 

5.0* 

7*08|*l"lt.  IS, 

2.21 

9.9 

.95* 

.95* 

.005  .0007 

9.1* 

7*0*1*1022, 

15.  2.91 

4.* 

.458  .*5*  .005 

.000’ 

4.20 

7»0*1»I«12.  IS. 

1.97 

10,9 

.191 

.1*1 

.00*  .002* 

2.1» 

780*1*1 04O. 

15.  1.97 

10.4 

.1*5  ,}45  ,00* 

.002* 

2.90 

7*0*l*l"**.  IS, 

t.*T 

10.9 

.19* 

•  19* 

,00*  ,002* 

2.“1 

7*U*2lO*“7. 

15.  2.00 

12.7 

,1*7  .147  .00* 

.001? 

2.02 

780«2|0*S*.  IS, 

2.00 

12.5 

.  19* 

,16a 

.00*  .0012 

2.00 

7*P*2| 0*05. 

IS,  2.00 

12.5 

.1*8  ,}40  ,00* 

.0012 

2,01 

79oe2io«is.  is. 

9.27 

19, « 

.11* 

•  ii« 

.002  ,000* 

2.1* 

7*0*21 0*2“. 

35.  4,27 

19.7 

.320  ,120  ,002 

,000“ 

2.04 

7*0S2|0912.  15, 

9.27 

19.9 

.12? 

.322 

.002  ,000* 

2.07 

7*07110022. 

35.  2.59 

IS.* 

.12"  .120  .005 

.0025 

1.0( 

7*o7 1 112*5.  IS, 

2.59 

15.7 

.11* 

.11* 

•OOS  ,0024 

2.9| 

7*07111254. 

15.  2.59 

15.9 

.121  .121  .005 

.002* 

?.«2 

?*0»lllll7.  15. 

1.91 

17.5 

•  SO? 

.102 

•oil  .0047 

1.5* 

7*0711112*. 

15.  1.91 

17.4 

.2*4  .2**  .Oil 

.004’ 

1.57 

’Oo’IJlll*.  15. 

1.91 

17.9 

.103 

.100 

•Oil  .009* 

1.5* 

7*07111415, 

15.  2.89 

5.* 

.4*4  .99*  ,00* 

.*007 

l.’l 

7807131*11.  15, 

2.1* 

a. * 

.180 

.1*0 

.005  ,0912 

9,26 

7*07151441, 

15.  2.7* 

*.* 

.!*(  .18*  .005 

•  0"  1 2 

9.17 

78o7/4:)7S».  10. 

2.09 

17, « 

.2*0 

.2*0 

.007  ,9091 

?.»6 

7*07260*12. 

10,  2,09 

17.4 

.274  .27*  ,00’ 

•  0  "  4  1 

2.»4 

7*0*2*0*20,  10. 

2.09 

17.7 

•  ?T* 

.278 

,907  ,0091 

2.97 

7*07260*10. 

10.  1.97 

1  8.4 

.(’*  .(’“  .01“ 

•  0"89 

9.99 

7*1*2*0*19,  10, 

t  .97 

10.9 

.275 

.275 

.019  ,0089 

4.17 

7*07260*47. 

10.  1.97 

1*.* 

.2*8  .268  , 0 | 4 

.008* 

9,95 

7*072*0*57,  10. 

1.99 

19.7 

.2*0 

.2*0 

.Oil  .0971 

1.02 

7*07260*05. 

10,  |,66 

14.6 

.2*1  .281  .011 

.0071 

J.*l 

7*„*2*f.»]  <l.  10, 

1.99 

1*.« 

.?*? 

.2*2 

.Oil  .0471 

1 .  *  1 

7*07260*29. 

SO,  2.6* 

7.1 

.178  ,578  .00“ 

.0010 

9,19 

7*072*0912.  10. 

2.3* 

7.0 

.17* 

.179 

.00*  .000* 

4,16 

7*07260441 . 

10.  2,6* 

7.0 

.178  ,J7*  .00“ 

.0010 

9.2} 

7*0 72*0  951  ,  10. 

2.2* 

*. a 

.1*7 

•  1*7 

.009  ,091? 

l.“9 

7*07261001  . 

10.  2. »“ 

9.* 

.194  ,J94  .00* 

•  0012 

1.98 

7*l72*io|*.  10, 

2.3* 

*.* 

.150 

.150 

.00*  ,09|2 

1,  “9 

7*07261020. 

10,  2.05 

14.1 

.11*  .11*  .00’ 

.0014 

2.5* 

7*072*102*.  10. 

2.05 

19,9 

.2*? 

.292 

,00’  .0015 

2.51 

7*0726101’. 

SO,  2.05 

14.5 

.2«1  .2*1  .00’ 

.0015 

2.98 

7So72*|o«7,  10, 

*.2o 

15.5 

.2*1 

.2*1 

,902  ,404* 

1  .*1 

7*07261056. 

10.  4.20 

15.9 

.2*1  .2*1  ,0C( 

.0009 

2.06 

7*1)72*1105.  10, 

9.20 

15.9 

.28* 

.2*a 

,002  ,090* 

I.** 

7*07261 1 l*. 

10.  2.06 

1“.0 

.100  .100  .00’ 

.00)4 

2.U 

7*j’2*l|27.  10, 

2.09 

19.1 

•  SO* 

.100 

.no’  .0019 

?.*0 

7*072611 16. 

10.  2,06 

14.2 

.2*6  ,2*6  ,00’ 

.0014 

2  .  ’  1 

7«:’2»ii«s,  ie. 

l.»7 

15.0 

.2*1 

.2*1 

.01“  .0071 

l.’l 

7*07261 159. 

SO.  1.47 

15.0 

.2*7  ,2"7  .01“ 

.0071 

1.7* 

7*072*1 10*.  10, 

1.97 

19,* 

.285 

.2*5 

.01“  .0070 

1.1“ 

7*v726 I 11“. 

30.  2.06 

19.1 

.2*7  .2*7  . 007 

.0019 

1.15 

7*C’2*112*.  10, 

2.09 

19.1 

.295 

.2*5 

,00’  .001* 

1.1* 

7*07261151* 

10.  2.06 

19.2 

.2*6  .2*6  .00’ 

.0059 

3.18 

7*0*2Mlu2,  10, 

*.«l 

7.8 

,199 

.1*9 

.00“  .090* 

5. *2 

7*97261 151 . 

10.  (.72 

7.* 

.15)  ,J51  .00“ 

.0011 

9.60 

7*0  72* 1  IS*.  10. 

2.9* 

7.* 

.15? 

.152 

.00“  .0011 

4,99 

7*0726l«0«. 

10.  2.6* 

5.2 

.1*7  .1*7  ,00« 

.000» 

6.9* 

7S)725i*20.  10. 

1.97 

IS. 7 

.2*5 

.2*5 

.01“  .007“ 

4.29 

7*07251029. 

10.  1,47 

15.4 

.2*1  .2*1  .01“ 

.0075 

«.2o 

7*11  T2«  l  *1*.  10. 

1.99 

i7.ii 

.10* 

.10* 

.Oil  .0991 

1.99 

7*07251046, 

10.  1.94 

17.1 

.10?  .10?  .  1 

•  0061 

1.6| 

?8j7?«I0SS.  10. 

1.99 

17.9 

.100 

.1*0 

,011  ,0099 

4.19 

7*07251104. 

10.  2.4’ 

5.6 

.427  ,u?7  .00“ 

.0008 

9.05 

7*o72S121«.  30. 

2. *9 

5.7 

.“2? 

.92? 

.009  .0007 

4.1* 

7*0  725 1 ?2 1* 

10.  2.84 

5.9 

.424  ,424  .004 

.000’ 

4.12 

7*0*2*1212.  10, 

2.7? 

ft 

.159 

.159 

.009  ,0012 

“,»2 

7*9725124?. 

-10.  2.72 

*.* 

.158  .15*  ,00« 

•  0"l* 

9,66 

7ts72*!25l.  10, 

2.72 

a. 9 

.157 

.157 

.009  ,C0|2 

4,95 

7*07251501. 

10.  2.05 

12.2 

.115  .115  .007 

.0010 

2.22 

7«, -72SU12,  10, 

2. OS 

12.5 

.109 

,J«* 

.00’  .4010 

?.?« 

7*07251 120. 

10.  2.05 

12.4 

.111  .111  .007 

.0010 

2.19 

7*1)7251111  ,  JO. 

l.«7 

19.1 

.105 

.  3*5 

.00*  .0017 

2, *4 

7*0725114) , 

10.  1.97 

l«.l 

,294  ,2*4  .00* 

.0017 

2.9* 

7*1)72911*0.  JO, 

9.20 

1  “  .  0 

,  502 

.102 

.002  ,000* 

2 . 7  1 

7*07251400, 

10,  9.14 

17.5 

.2*6  .2*6  ,002 

•  000» 

*.»« 

7»0*2Sl»09.  10. 

9.1* 

17.5 

.100 

.loo 

.002  ,000* 

2.5  5 

7*0725141’. 

10.  9,14 

17.9 

,2*8  .2*8  ,002 

.0010 

2.»1 

7*07251*27.  10. 

1.97 

I9.| 

.?*? 

.2*2 

.01“  ,0079 

1.9* 

7*07251415, 

10.  1,44 

14.1 

.291  .2*1  ,01* 

.0077 

9.1} 

7*072*1999,  JO, 

1.99 

19.1 

.2*1 

.2*1 

.01“  .0077 

“.12 

7»07270’00. 

10,  2.4* 

4.* 

.408  .90*  ,00“ 

.0007 

4 . 7 1 

7*0727071*.  JO. 

2.9* 

5.0 

.9)0 

.910 

,00“  ,0007 

9.72 

7*0727071». 

10,  (.05 

to.s 

.148  .19*  ,007 

•  0025 

2.19 

7*0727072*.  10. 

2.05 

10.2 

.152 

.152 

.00’  ,0025 

?.«0 

7*07270717, 

10.  (.05 

10.4 

.150  .150  ,00’ 

.0025 

(.17 

7*07270790,  10. 

«.5t 

11.9 

.12* 

.12* 

,001  ,0009 

1,4* 

7*07270754, 

10,  4,)4 

10.* 

.121  .121  .002 

•  000* 

1  ,5o 

7*j72f 0*1 9 ,  10. 

o.2» 

15.1 

.101 

.101 

.002  ,040* 

2.45 

7*07270*2*. 

10.  4.(7 

1“.» 

.109  ,10*  ,01)2 

•  000* 

2.12 

7*0  1270*12.  10, 

•.27 

15.2 

.100 

.100 

.002  .000* 

l.»« 

7*072*1251. 

25.  1.55 

14.* 

,266  .266  ,011 

•  0071 

9,1* 

7*072*110?.  2S, 

2.21 

17.9 

.29* 

,26* 

.005  ,0019 

2.»“ 

7*072*1111. 

25.  2,21 

17.5 

.275  ,2’5  ,005 

.001* 

1.02 

7*172*1901.  25. 

9.9* 

11.2 

.2*1 

•  2*1 

.001  .0007 

1  .*’ 

7*072* 1 “I?. 

25.  4,91 

11.1 

.291  .291  ,001 

.  000’ 

1  .49 

7«072Tc9|0.  25. 

2.15 

11.0 

.299 

.29* 

.001  .001* 

2.15 

7*07270*24. 

25.  2,75 

11. 1 

.291  .2*1  ,001 

.00  1* 

2.28 

7*072*0911.  25, 

2.15 

11.1 

.?*! 

.2*1 

•ool  .091* 

2.11 

7*07270*42, 

25.  |.*5 

11.5 

,279  .279  .0)2 

.0066 

}.»C 

7*07270951.  25, 

1  .*S 

1  1.0 

.2*9 

.259 

.012  ,0467 

1.71 

7*O727|O00. 

25.  1,45 

11.7 

.2*0  .2*0  .01* 

.0064 

5.85 

7*l727l0(l9,  25, 

1 . 95 

1«.2 

.100 

.100 

.012  ,006* 

2. *« 

7*0727101*. 

25.  1 , *5 

14,4 

,?9i  .296  , 0 12 

.0070 

2. "6 

7*  ’  72*1  (•?*,  2*. 

2.21 

19.1 

.?*« 

.2*9 

.005  .002* 

?.*2 

r*4727|0J6, 

25.  2. 75 

’.* 

.511  .311  .001 

.0010 

4,74 

7*07  2*1  01*5,  25. 

2.75 

7.5 

•  111 

•  111 

, no l  .0010 

4, *6 

7*0  127  1 1  16. 

25.  2.75 

4.4 

.16"  ,J60  ,001 

.0007 

5.1* 

7*0*2*! lb*.  2  S , 

2. IS 

5.0 

.17* 

.174 

,001  .0907 

5.18 

780727120’. 

25.  2.75 

5.0 

.18"  ,1*0  ,001 

.0007 

5.10 

**5*2*121*.  25. 

2.75 

7.5 

.115 

.115 

.ool  .0019 

4 ,76 

720727*21*. 

25.  1.50 

9.9 

.10*  .10*  .oil 

.0045 

2.51 

7*07271297,  25. 

l.So 

10.1 

.11* 

.110 

•Oil  .0049 

2.50 

7*0727125*. 

25.  1,50 

10.1 

.111  .111  .Oil 

.004* 

2.5* 

7*17271105,  25, 

*. 57 

10.1 

.10* 

.10* 

.001  .0005 

1  .“I 

7*07271119. 

25.  9,57 

10.1 

.105  , 1"5  ,001 

.0005 

1  ,«3 

7*C’27I129,  25, 

«.S7 

10.| 

,  1 1  2 

.ill 

.ool  .0905 

1.““ 

7*0727151*. 

25.  4,41 

14. t 

. ?9J  .*91  ,001 

.000’ 

1.72 

7*C*2tl.5ul,  25. 

9.91 

19.1 

.295 

.2*5 

,O01  ,000’ 

1.74 

7*07271  151  . 

25,  *.27 

14.1 

,?9?  ,*97  ,"01 

.000* 

1  .’2 

7*0*221*55.  20. 

l.Su 

11.5 

.?7« 

.27* 

.00*  .095" 

1,47 

7*0*221 11“. 

20,  1.5* 

11.0 

,275  ,275  ,oo» 

•  0"59 

9,0| 

7*1*221521.  20. 

1.15 

19.0 

.275 

.275 

.00*  ,005* 

4,06 

7*0»2?| 511. 

20.  1,52 

14.4 

.2*9  ,2«9  ,0C» 

.0064 

1.04 

7*5*221192.  20, 

1  .51 

19.9 

,2*5 

.2*7 

.00*  .0991 

2.49 

7*0*2? 1 150  . 

20.  1.51 

14.5 

.29"  .290  ,00« 

•  0"6l 

2.” 

7»'»2?:359.  20. 

1.05 

5.6 

,91* 

.91* 

,002  ,0009 

5,67 

7*0*2507*1, 

20.  1.05 

5.4 

.49a  ,9*4  ,002 

.0"0* 

5.2* 

7*1*21 0*51 ,  20, 

1.05 

5.5 

.*01 

.501 

,002  ,0006 

5.61 

7*0*25i*tl. 

20,  1,20 

8.1 

,40*  ,90*  ,002 

•  0008 

1,46 

7*05210*20,  20. 

1.19 

».1 

.1*1 

.151 

, 0 02  ,  090* 

5,71 

7*0*250*2*. 

20,  1,29 

e.o 

,421  .9?)  .002 

.000* 

1.1* 

7*0*29i>«o».  20. 

».«! 

10.9 

.119 

.11* 

•009  ,0029 

1  .52 

7*0*?9o7SS, 

20.  l,*l 

10.  * 

•24 6  .24*  ,00* 

.002* 

1.85 

>»0*2«0*0“.  20. 

l.«7 

10.5 

.?«* 

.2*9 

.005  ,002* 

1 .54 

7*0*2*  <>*1“. 

20.  (.21 

1  «  ,  1 

.279  .27*  .00* 

.002* 

l.*9 

7*0*2°o*21,  20. 

2.21 

l*.l 

.277 

.277 

,00“  .042* 

2.01 

7*0*2*0*11  . 

20,  2.(1 

14.9 

.?’“  .27*  .00“ 

.0011 

2.00 

7*C*2*1 1 SS,  21. 

2.29 

11.1 

.15) 

.151 

.00“  ,0022 

2.2“ 

7*0»29t?0«. 

20.  (.( 4 

11.0 

.152  .15*  ,00* 

,00*1 

2.27 

7*0*291211.  20, 

2.29 

11.0 

.147 

•  1*7 

.00“  .0421 

2.2* 

7*0*2*1 ???, 

(0.  1.5* 

12.4 

.11?  .11*  .00* 

.0051 

S,*9 

7*0*2* 1 2 11 ,  20. 

1.59 

12.1 

.110 

.110 

,00*  .0051 

s.’o 

7*0*251214. 

(0,  1,59 

12.* 

,1C»  ,1"»  .00* 

.0051 

1.7* 

7*0*2*1295,  20, 

2.21 

12.9 

.12* 

.129 

,00“  .0029 

2  ,  *0 

7*0*241257, 

20.  (.21 

11.0 

.125  ,125  ,00“ 

.0027 

?.«0 

7»o*2«!10S.  20. 

2.23 

12.* 

.12’ 

.12’ 

•00“  .0026 

?.*5 

7*C*24l5|5, 

20,  1.20 

7.( 

•1*1  .1*1  .002 

.0*07 

1.55 

7*0*2*1121.  20, 

1.2* 

7,2 

.1*1 

.1*1 

.002  .0007 

1.5* 

780*24! 112, 

20.  1,(0 

7  .( 

.177  .1”  ,00* 

.0007 

1.75 

7*0*2*11*9,  20. 

1.19 

*.* 

.9*1 

•  •*1 

,002  ,0005 

4,64 

7108241152, 

(0.  1.1* 

4.* 

.417  .417  .III 

.0*05 

•  ill 

720*2*1 90 1 •  20, 

1.19 

Ill 

•  9*1 

•  941 

•002  ,0005 

4,5* 

7*08241*11. 

(0.  !,(« 

0.1 

.15?  .152  ,**■ 

•  0*1* 

2,18 

7»0*2*1*2*.  2". 

9.17 

a. 7 

.110 

.110 

,001  ,0(0“ 

1,40 

7*082*141?, 

20,  *.57 

.124  .124  ,«0l 

,080* 

1.1* 

720*291**7.  20, 

2.27 

12.1 

.?*? 

•  2*2 

.00“  .0*2“ 

l.’l 

7*0824195*. 

(0.  (.17 

12. 1 

.2*4  .2*4  ,«»* 

.002* 

l.’O 
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APPENDIX  E 

TEST  RESULTS  (GRAPHICAL  FORM) 

SYMBOL 

DS/HS 

0  s  30  c* 

Smooiti  Imptrmtoble 

o 

1 .20 

piu* 


0.0001 

O.i 

H/gT2 

WAVE  TRANSMISSION  ANO 

REFLECTION 

COEFFICIENTS 

BREAKWATER  1 

D/CGT2): 

=0.016 

AD-A089  603  COASTAL  EN6INEERIN6  RESEARCH  CENTER  FORT  BELVOIR  VA  F/6  8/3 

TWO-DIMENSIONAL  TESTS  OF  WAVE  TRANSMISSION  AND  REFLECTION  CHARA— ETC(U) 
JUN  80  W  N  SEELI6 

UNCLASSIFIED  CERC-TR-80-1  NL 


O.ODOl  O.OOl  0T01 

H/C  G*T*T ) 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  3  DS/HS=  1.14 


SYMBOL  D/QT2 


H/CG*T*T) 


I  ill 


I  l  i 


O.OOOl 

0.001 

C 

H/(G*T*T) 

WAVE  TRANSMISSION 

AND  REFLECTION 

COEFFICIENTS 

BREAKWATER 

3  DS/HS= 

1  .29 

99 

SYMBOL  D/OT2 


▲ 

+ 

x 


0.0066 
0.0131 
0.0162 
0.0230 
0 .0365 


H/(G*T*T) 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  3  DS/HS=  0.92 


0.0001 0.001 0 

H/( 0*T  *T ) 

WflVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  3W  OS/HS=  1.15 


WAVE  TRANSMISSION  ANO  REFLECTION  COEFFICIENTS 
BREAKWATER  3W  DS/HS=  0.69 


B*  40  cm 


SYMBOL  OS/HS 


o 

A 

+ 

X 

❖ 

♦ 

X 

z 

Y 

X 


1  .29 
1  .21 
1.14 
l  .11 
1  .09 
Q  >98 
0.90 
0.84 
0.74 
0.68 


1  .0 
0.8 
0.6 
0.4 
0.2 


0.001 
H/f  G*T*T 1 


0.01 


0001 


0.001 


0.01 


H/f  G*T#T 1 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  4  D/f GT2 )=0 .01 6 


SYMBOL  D/OT2 


0.0065 

0.0161 

0.0546 


WRVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BRERKWRTER  4  DS/HS=  1.29 


SYMBOL  D/OT2 


0.0065 

0.0160 

0.0553 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  4  DS/HS=  0.90 


108 


0.0001  0.001  0.01 

H/(G*T*T) 

WOVE  TRANSHI SSI  ON  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  4  DS/HS=  0.68 


SYMBOL  D/0T2 

0  0 .0065 
A  0.0161 
+  0.0555 


H/(G*T*T) 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  4W  DS/HS=  0.91 


0.0001 


0.001 

H/(G*T*T) 


C 


* 


WRVE  TRANSMISSION  AND 
BREAKWATER  6 


REFLECTION  COEFFICIENTS 


DS/HS= 


1 


0.0001  0.001  0 

H/(G*T*T) 

WRVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BRERKWRTER  7  DS/HS=  1  .63 


0.0001 


[iWt 


0.001 

H/C G#T*T ) 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BRERKWATER  7  DS/HS=  1  .30 


0.0001 


mill 


»H»] 


H/(G*T*T) 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  7  DS/HS=  0.98 


h.  •  70cm 


B  =  30  cm 


SYMBOL  DS/HS 


>  m 

B' 

_ A _ 

H/CG*T*T  J 


0.0001 

0.001 

0 

H/(0*T*T ' 

WOVE.  TRANSMISSION 

RNO  REFLECTION 

COEFFICIENTS 

BRERKtoRTER 

8  D/f  GT2  ) 

=0  .016 

B  30  cm 
hs  -  70cm  [**  **j 


SYMBOL  DS/HS 


o 

A 

+ 


0.64 
0.86 
1  .07 


o 


_i - - - 1 

0.5  1.0  m 


BW9 


0 .001 
H/(G*T*T) 


WAVE  TRANSMISSION  ANO  REFLECTION  COEFFICIENTS 
BREAKWATER  9  D/( GT2 ) =0 . 01 6 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  9  DS/HS=  1.07 


0.0001 


0.001 

H/(G*T*T) 


0.01 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  9  OS/HS=  0.86 


sr«eoL  0/0T2 

m  0 - 0065 
A  0.0162 
+  0-0555 


H/C  G*T*T ) 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  9  DS/HS=  0.64 


129 


NSMISSION  RNO  RE.FL 
KWRTER  10  D 


0.Q0Q1  O.OOl  0. 

H/f  G*T#T } 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  10  DS/HS=  0.91 


DS/HS 


0.0001 


0.001 

H/C  G*T#T  ) 


0.01 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  12  D/( GT2 )=0 .016 


0.0001  0.001  0. 

H/f  G*T*T ) 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  12  DS/HS=  0.86 


G  =  40cm 


SYMBOL  OS/HS 


o 

A 

+ 


1.82 
1  .36 
1 .06 


0.5 


V(  T 


0.8 
0.6 
0.4 
0.2  L_ 


1.0  m 


BWI3.I5 


o- 


0.0001 


0.001 
H/(G*T*T ) 


0.01 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  13  D/t GT2 ) =0 . 01 6 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 


mm*  m  mm  mm  ujipminnw  ff».-WWgp-/r>  :i«rr, ~«"i.  -w»ij  i.y  - 


0.0001 


■Mill 


■MB 


H/(0*T*T) 

WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  14  DS/HS=  1.82 


146 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  15  D/( GT2 ) =0 .01 6 


H/CG*T*T) 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKUATER  IS  DS/HS-  1 


0.001 
H/C  G*T*T 1 


0.01 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  IS  DS/HS=  0.91 


SYMBOL  D/0T2 

o  0-0038 
A  0.0094 
+  0.0161 
x  0-0211 


H/(G*T*T) 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  15W  DS/HS=  1.06 


SYMBOL  0/GT2 


0.0026 

0.0065 

0.0160 

0.0550 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  16  DS/HS=  1.67 


r2 


SYMBOL  O/Gl 


0.0024 

0.0022 

0.0024 

0.0065 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  16  DS/HS=  1-36 
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0.0001 


0.001 

H/f  G*T*T ) 


0.01 


WAVE  TRANSMISSION  ANO  REFLECTION  COEFFICIENTS 
BREAKWATER  16  DS/HS=  0.91 


8  =  60  on 


hs:  60  cm 


I  on  15  fronting  Slope 

_ 


SYMBOL  OS/HS 


D 

A 

+ 


0.83 

0.75 

0.58 


0 


_J _ I 

0  5  1.0  m 


BWI7 


WAVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  17  D/f  GT2 1=0.016 


0.0001 


0. 


I 


H/f G#T#T ) 

WOVE  TRANSMISSION  AND  REFLECTION  COEFFICIENTS 
BREAKWATER  17  DS/HS:  0.7S 
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0 .0001 


0.001 

H/C  B#T*T ) 


0.01 


WAVE  TRANSMISSION  RNO  REFLECTION  COEFFICIENTS 
BRERKWRTER  17  DS/HS=  0.58 


APPENDIX  F 

DOCUMENTATION  OF  THE  PROGRAM  OVER  (752X6R1CY0) 


1.  Purpose .  This  FORTRAN  program  estimates  wave  transmission  by  over¬ 
topping  coefficients  and  transmitted  wave  heights  for  smooth  impermeable 
breakwaters.  The  method  can  be  used  for  subaerial  and  submerged  breakwaters 
with  structure  seaward-face  slopes  from  vertical  to  1  on  3.  It  is  recommended 
for  values  of  dg/(gT2)  <  0.03. 

2.  Mathematical  Method  and  Procedure.  The  program  uses  the  methods 
developed  in  this  report.  The  procedure  is  to  estimate  wave  runup  on  smooth 
impermeable  slopes,  R,  using  the  equation 

R.„Cl(auaii)(C2  ,fl73*Cs) 

where  Ci,  Cz,  and  C3  are  empirical  coefficients  related  to  the  structure 
slope,  H  is  incident  wave  height,  d  is  water  depth,  and  L  is  the  local 
wavelength.  Runup  on  rough  slopes  is  estimated  using 

r  -  Hag 

(1  +  bg) 

where  a  and  b  are  empirical  coefficients  and  g  is  the  surf  parameter 
given  by 

5  = 


tan  0 

J  1-0 


where  0  is  the  angle  of  the  front  face  of  the  breakwater  and  L0  is  the 
deepwater  wavelength. 

A  wave  transmission  by  overtopping  coefficient,  C,  is  estimated  from 


0.51  - 


0.11  B 


where  B  is  the  breakwater  crest  width  and  h 
transmission  by  overtopping  coefficient,  Ky0, 


the  structure  height, 
is  determined  from 


The 


kTo  =  c  ( 1 


F 

R 


) 


where  F  is  the  breakwater  freeboard.  For  submerged  breakwaters  with  a 
1  on  15  fronting  slope  the  equation 

kt° '  c('  -*)-<*-  2«  (r) 

is  used. 

The  transmitted  wave  height,  Hy,  is  given  by 


3.  Program  Variables.  A  description  of  all  program  variables  is  presented 
in  Table  F-l. 

4.  Input ■  A  description  and  an  example  of  the  imput  parameters  are  given 
in  Table  F-2.  Note  that  all  measurements  are  in  metric  units. 

5.  Output .  Program  output  includes  a  summary  table  of  input  information 
together  with  the  predicted  ratio  of  the  breakwater  freeboard  to  wave  runup, 
the  wave  transmission  by  overtopping  coefficient,  and  the  predicted  transmitted 
wave  height.  An  example  output  corresponding  to  the  input  is  shown  in  Table  F-3. 

6.  Program  Listing.  A  listing  of  the  program  is  shown  in  Table  F-4.  The 
subroutine  LENGTH  finds  the  value  of  d/L  given  d/L^  by  using  linear  wave 
theory . 

Table  F-l.  Variables  used  in  the  program  OVER. 

Variable  Description 

AC  a;  rough-slope  runup  coefficient 

BC  b;  rough-slope  runup  coefficient 

B  breakwater  crest  width  (meter) 

BH  B/h 

C  transmission  by  overtopping  coefficient  •  0.51  -  0.11  B/h 

CA,  CB,  CC  runup  coefficient  lookup  tables 

Cl,  C2,  C3  smooth-slope  runup  coefficients  (a  function  of  slope) 

R/H  *  Cj  (0.123  L/H)  (C2^*7d*C2 

DCT2  VCtfT2) 

DL  dg/L 

DLO  dg/Lc 

DS  structure  water  depth,  dg 

F  breakwater  freeboard  »  h  -  dg 

FR  F/R 

H  incident  wave  height,  H 

HCT2*  H/(gT2) 

HMAX  depth-limited  maximum  wave  height  *  0.78  d# 

HS  structure  height,  hg 

HT  transmitted  wave  height 

I  counter  index 

I FRONT  flag  to  indicate  the  presence  of  a  fronting  slope  (IFRONT  *  1 

for  fronting  slope  of  1  on  IS) 

KTO  wave  transmission  by  overtopping  coefficient 

L  wavelength 

N  number  of  wave  conditions  of  interest 

P  linear  interpolation  factor  to  find  Cl,  C2,  C3 

R  predicted  smooth-slope  runup 

RH  R/H 

SURF  the  surf  parameter  »  tan  9/Al/L^ 

T  wave  period  (second) 

TANA  lookup  table  of  structure  slopes  corresponding  to  CA,  CB,  CC 

TANT  tangent  of  the  seaward  face  of  the  breakwater  ■  tan  8 
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Table  F-2. 

Input  to  the  program  OVER. 

Card 

Format 

Description 

1 

12 

number  of  breakwaters 

2 

12 

number  of  wave  conditions  of  interest 
•  equals  1  if  breakwater  has  a  1  on  15 
fronting  slope  seaward  of  the  structure 

4X 

F10.5 

tangent  of  breakwater  seaward  slope 

•  breakwater  crest  width  (m) 

•breakwater  structure  height  (m) 

•  water  depth  at  toe  of  the  structure  (m) 
•rough-slope  runup  parameter,  a  (a  =  0  for 

smooth  slopes) 

•  rough-slope  runup  parameter,  b 

3 

(one  card  per 
wave  condition) 

F10.5 

wave  period  (s) 

•  incident  wave  height  (in) 

(repeat  card  types  2  and 

3  for  each  breakwater) 

Sample  input 

14.0 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 

7.9 


0.667 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 
1.6 
1.8 
2.0 
2.2 

2.4 
2.6 
2.8 


1.53 


4.6 


3.56 


0. 


B  =  1.53  m 
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Table  F-3.  Sample  output  from  the  program  OVER. 

prediction  op  wave  transmission  coefficients  for 

an  I*P£WM£aBL£  PHFAKWATfeH 

NUMhER  OF  WAVE  CONDITIONS  ■  14 
IFRONT  c  0 
T  AN  (  SLOPE )  ■  .667 

BREAKWATER  TOP  wIOTh(m)b  J.530 
STRUCTURE  H£  IfiHT  ( R }  ■  4,600 
water  OEPT«(M)«  3,560 
F  Rt  t  BOARD  ( M  )  ■  1,040 

COEFFICIENT  UF  UVfcRTOPPINC  Cb  ,471 


C I « s .9610 
C2«  , 4  9H0 

CJB*,|SS0 


T(StCJ 

0/UT2 

n/t»T<! 

W/M 

F/M 

HlU 

*T(H) 

7,W0 

.005* 

.?00 

.000  Si 

1.594 

3.261 

0,000 

0.000 

7.  woo 

.005* 

.400 

,00065 

1.999 

1.369 

0.000 

0.000 

7.900 

.005* 

.600 

.00099 

2,079 

.634 

.079 

.047 

7.900 

.005* 

.500 

.00151 

2.197 

.592 

.193 

.155 

7.900 

.0059 

1.000 

.00199 

2.276 

,456 

.257 

.257 

7.900 

.0059 

1.200 

.00196 

2,334 

.371 

.298 

.357 

7.900 

,0059 

1.400 

. 00229 

2.37J 

.313 

.325 

,455 

7.900 

.005* 

1  .600 

.0*262 

2,394 

.272 

,3«5 

.552 

7.900 

.005* 

1  .900 

,00294 

2.406 

,240 

,360 

.646 

7.900 

.005* 

2.000 

.00327 

2.410 

.216 

•  37 1 

.743 

7.900 

,005« 

2.200 

,00390 

2,407 

.196 

,360 

.837 

7.900 

.0059 

2.400 

.00392 

2.399 

.161 

,3*6 

.931 

7,900 

.005® 

2.600 

,00«2S 

2,3*6 

.16* 

,394 

1,025 

7.900 

,005« 

2.900 

•00956 

2.370 

.157 

.399 

1.116 
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Table  F-4.  Listing  of  the  program  OVER. 

t  PROGRAM  OVEB(InPUT, OUTPUT. TAPE5alNPUT.T*PE**0UTRUT) 

Rt*L  L.KTO 

OlHfMSION  T*NA(N),CA(6).CB(*),CC(6) 

DAT  A  TaNA/10 , ,2.t 1 .. .667. .<taa«0.3  3  3/ 

*  DM*  Ca/O.BSB, 1.280. I, 069. 1,991,1,611, 1,166/ 

OAT*  CB/.228, .390. ,1«6,,o96,,669.,512/ 

D*T*  CC/.0S7B,..09l,.,l0S.a,l«5,a.060*,090/ 

RIAOIB.I)  NH* 

DO  100  Ib«*1iNrm 

10  RtAO(K.l)  n.IFrO'.  T.TANT.B.HS.Ds.AC.BC 

I  FUNMAT(2I2.oX.7Flfl,5) 

CM*  NURBtR  01  HAVE  COMO!  T  2 0N8 
c  (FRONT  a  t  FOB  1/1«)  FRONTING  SLOPE 
C  T*MT  *  TAN&fNT  01  FROM  HB| AH*ATfcR  SLOPE  ANGLE 
15  C  B  •  STBUCTijBt  *10Th  AT  THE  CBES)  (h> 

C  HI  ■  SIBUCTUBE  heigh!  (h) 
c  OS  ■  HATEB  OCPTm  AT  TOE  OF  STRUCTURE  (Hi 

C  AC  •  *MBtNS  BOUGH  SLOPE  RUNUP  COEFFICIENT  (*0  FOR  SHOUTH  SLOPES) 
c  SC  •  AHRENS  BOUGH  SLOPE  RUNUP  COEFFICIENT 

eo  f*hs»os 

Bnan/HS 

Cav.SlHO.l 1*BH 

»NJTt(6.2)  H, IF»ONT,TAnT,B,HS.DS.F.C 
a  FOMmaT( 1H1 ,2*, (PREDICTION  OF  RAVE  TBANShISSJOn  COEFFICIENTS  FOR(./ 

29  a ,  2X  »  (An  IMPfBHtABUE  HRE AkhATER t •//* 1 X •  [NUMBER  OF  RAVE  C0NDIT 

•IONS  ■  l* 1 J*  /.1X.(IFRl)NT  ■  (.  12./.  IX.  (TaMSLOPE  )*  (.Fb,5./.  I*.  (BREAK 
*K«ATEB  Tup  «IOTH(H)B  (,F6,1./.1X.  (STRUCTURE  Mt IGMT ( M) A  I , F6 , I* / » 1 X 

•  .(HATER  OEPTH(H)«  t.Fe,,3./t  IX,  (FREE  BOARD ( M) a  (.P*.)./.1X. 

•  (COEFFICIENT  of  OVEBTUPPINO  Ca(F6,).//) 

10  IKAC.LT. 0.001)  00  TU  21 

*«in(t,.2g)  ac . sc 

22  FORhatu*.  (RUNUP  COEFFICIENT*  FOR  ROUCh  SLUPE  RUNUP  ACa(.F*.2. 

•  (  BCa  I.F6.2) 

Oil  TU  2) 

15  21  DO  1  la  1.5 

IF  (TANT.Gt.TANa(I)  . UN, TANT.LT, TANA(Iat))  CU  TO  1 
Ba( TANA( I J-TANT) /<  T*N*( I)aTANA(I*|) ) 

Cl*CA(I)-(CA(I).CA(iai))*P 
C2*CH(I).(t»(I)«CH(tai))aP 
*0  CJaCC(I)aCCC(I)-CC(iai))aP 

1  CONTINUE 

IKTANT.GT.io.)  ClsfATl) 

IF ( T ANT ,GT , 1 0 , )  C?sCB( l ) 

IF(tant,GT,10.)  CJacC(i) 

«5  IMTanT.LT. 0.355)  C1»Ca(6) 

IKTANT.lT, 0,335)  C2BCB(a) 

IKTANT.LT, 0.355)  C3*Ct<A) 
hR1TE(6,7)  Cl.C2.C3 

7  FORMAT (IX.  (Cla  [.M>,«./.  IX.  (C2»  [*F 6,«, /,  I  X ,  (Cl*  (.F6,«, //) 

50  25  HRITE(S.IR) 

1«  FORMAT!/, IX.  (  T(StCJ  D/GT2  h(H)  H/GT2  R/H  F/R  KTO  HT(M)  (• 
♦/) 

DO  a  IbI.n 
Rt AD15.5)  T.h 
55  5  FORMAT (21(0,5) 

OLOaUS/U  ,56»T*T) 

CALL  LEnGTH(DLO.OL) 
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Table  F-4.  Listing  of  the  program  OVER. --Continued 

l»os/ol 

0ST?*ns/(W,**T«T) 

iaNf'qT4NT/SUhT(M/(J,S6»T»T)) 

IK  *t,OT. 0,001)  «H*»C*8UKF/{t.*BCaSUKF) 

Kihh* m 

*T0al.*<l  ,«FP) 

lMlMOK.ta.t.a^O.f.Lt.O.)  *T0*C*U.-M)*(1,.2.4C)*F* 

IKFH.GT.i.)  KTflaO, 

nT«rt*KT0 

•bITK6»12)  Ti0GT2.H,hGT2,WmiFP»kT0.hT 
12  >UKH*T(il(,F*.j,F7.4».P*.J,t'7.!».«F6.J) 

4  CONTINUE 

too  CONTINUE 

STOP 

fcNO 


SUBROUTINE  Lt  n&Th ( DLU « ot ) 

K*U  UUt lDNE«t LOO 
tO«l  .c/fttO 
UODal .n/OLO 
.m»1 

Pl"5.t«»SO 
1  A«Oa2,0»Pl/LO 

U)Nt*aooO*T*NH(*hG) 

Na  N,  \ 

OIF  Fa *H9(LDNt  WaLO) 

IKm-200) 

1  IKDtFF •0,0009)  2,2.5 

5  tO«(tOfiFa*LO)/2,o 

00  TO  1 

«  Dial  ,0/LOM* 

"PlTt (*» 100 )  PUO.OU 

100  FU«"*T(44rf  5UBB0WTI*e  tiNOTM  DID  NOT  C0oVl«0S,  D/lO  •  ,F10,5, 

I  »HO/L  a  ,K0,5) 

2  OUai  ,(i/U0Nt" 

H6TUHN 


APPENDIX  G 

DOCUMENTATION  OF  THE  COMPUTER  PROGRAM  MADSEN 


The  computer  program  MADSEN  (CERC  program  number  752X1R1CPO)  is  used  to 
predict  wave  transmission  through  rubble-mound  breakwaters  using  methods 
developed  by  Madsen  and  White  (1976).  (Note:  Equations  and  figures  refer¬ 
enced  from  that  publication  are  identified  by  the  symbol  MW.)  A  wave 
transmission  by  overtopping  model  is  also  included  as  discussed  in  the  text 
of  this  report.  The  program  is  organized  as  shown  in  Figure  G-l.  Whenever 
possible  the  variable  names  used  are  a  close  approximation  to  the  symbols 
used  by  Madsen  and  White  (1976).  Table  G-l  lists  important  variable  names, 
corresponding  symbols  used  in  Madsen  and  White,  and  gives  a- description 
including  references  to  defining  equations  in  Madsen  and  White  (1976) .  A 
description  of  each  of  the  program  subroutines  is  given  below: 

SUBROUTINE  READI  -  This  routine  reads  standard  lookup  tables  corresponding 
to  MW  Figures  2,  3,  15,  16,  and  17  from  Madsen  and  White  (1976).  Lookup  tables 
with  a  combination  linear  and  logarithmic  interpolation  were  selected  to  avoid 
having  to  use  Bessel  functions  with  complex  arguments.  The  53  standard  lookup 
table  cards  are  given  in  Tablfe  G-2. 

SUBROUTINE  REFL  -  This  routine  determines  reflection  coefficients  from 
rough  impermeable  slopes  to  account  for  energy  dissipation  on  the  breakwater 
face  (see-Ch.  Ill  of  Madsen  and  White,  1976).  MW  equation  (127)  is  solved 
iteratively  and  the  final  result  corrected  by  the  corresponding  correction 
factor  from  MW  Table  2  (a  linear  fit  to  these  points  is  used) .  Lookup  tables 
from  MW  Figures  15,  16,  and  17  are  employed  in  this  routine. 


Read  standard  lookup  tables  (53  cards),  CALL  READI 
Read  number  of  breakwaters  to  analyze,  NCOMP 

Loops 

For  each  NCOMP  read  breakwater  geometry  '  ~ 

For  each  period,  NT,  read  wave  heights,  till  — - - - 

For  each  wave  height  loop  to  100  - “ 

Determine  dissipation  on  BW  face,  CALL  REFL 

Iterate  of  Al(e  and  AHp  to  find  le  using  MW  equations  (172)  and  (161) - 

Find  equivalent  breakwater  (Sec.  IV, 2,  eq.  158),  CALL  EQBW 

Find  internal  transmission  and  reflection  coefficients,  (Sec.  II),  CALL  INTER 
Reestimate  AHe  from  MW  equation  (161)  — — — — — - 

Determine  transmission  and  reflection  coefficients,  Kj>j  and  Kjj,  from  MW 
equations  (175)  and  (176) 

Find  wave  transmission  by  overtopping  coefficient,  Ky0 
Print  results 

100  CONTINUE - - 

199  CONTINUE  - — —  - - — - 

200  CONTINUE  - “ - — - - - 

STOP 

END 

SUBROUTINES 

S3  standard  lookup  cards 
Input  cards  (see  Table  G-4) 

Figure  G-l.  General  program  organization. 


Table  G-l.  Program  variables. 


Symbo 1 
(Madsen  and 
White,  1976) 

Variables 

Description 

H 

A 

incident  wave  amplitude 

RII 

RII 

reflection  coefficient  (Sec.  Ill) 

Ally 

DHT 

head  (MW  eq.  160) 

AHe 

DHE 

equivalent  head  (MW  eq.  159) 

DR 

reference  diameter 

02* 

BETAR 

reference  beta 

V 

NU 

kinematic  viscosity 

d 

D 

diameter  (cm) 

aI 

AI 

equals  RII  a^  (MW  eq.  146) 

RI 

RI 

internal  reflection  coefficient  (Sec.  II) 

TI 

TI 

internal  transmission  coefficient  (Sec.  II) 

T 

KTT 

coefficient  of  wave  transmission  for  trans¬ 
mission  through  the  structure  (MW  eq.  175) 

KTO 

transmission  by  overtopping  coefficient 

KT 

total  wave  transmission  coefficient  equals 
VKTT2  +  KTO2 

R 

KR 

reflection  coefficient  (eq.  176) 

n 

N 

porosity 

s* 

SS 

(n/0 . 45) 2 

nk  0l 

NKL 

equivalent 

£e 

LE 

equivalent  BW  width  (eq.  158) 

^ o 

HO 

water  depth 

T 

T 

wave  period 

f/s* 

FS 

A 

LAMBDA 

kc 

KO 

2ir/L 

TS 

lookup  tables 
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Table  G-l.  Program  variables . --Continued 


Symbo 1 
(Madsen  and 
White,  1976) 

Variables 

Description 

RS 

lookup  tables 

FST 

lookup  tables 

RUT 

lookup  tables 

RT 

lookup  tables 

GSS 

lookup  tables 

FUS 

lookup  tables 

TX 

lookup  tables 

RX 

lookup  tables 

Fs 

FS 

(Fig.  17) 

&s 

LS 

slope  length 

L 

L 

wavelength 

NM 

number  of  materials 
(maximum  of  10) 

NL 

number  of  layers 
(maximum  of  10) 

Ah<7 

TH 

level  thickness 

AhJ 

ho 

DH 

relative  thickness 

NR 

reference  porosity  =  0.45 

AhJ  1 

"(ig-r 

SUM2 

SUM1 

TOPW 

width  of  top  of  structure 

LL 

length  of  materials  in 
horizontal  layers 

F 

breakwater  freeboard 

R 

wave  runup 
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Table  G-2.  Standard  lookup  tables  to  be  read  by  READ I . 


1 

.65 

.83 

.901 

.502 

.192 

.333 

.233 

,46J 

.96 

2 

.65 

.83 

.901 

.492 

.192 

.30  3 

.19J 

.423 

.90 

i 

.65 

.8  3 

.901 

.492 

.162.293 

.103 

.283 

.70 

4 

.65 

.6  3 

.901 

.472 

.  1  02 

.222 

.94$ 

.0  73 

.40 

5 

.65 

.83 

.401 

,462 

.052 

.142 

.  74? 

.803 

,00 

6 

.85 

.6  3 

.901 

.451 

.982 

.032 

.50? 

.502 

.60 

7 

,85 

.83 

.901 

.641 

.691 

.9?? 

.232 

.222 

.20 

6 

.65 

.63 

.901 

.421 

.801 

.79? 

.021 

.911 

.83 

9 

.65 

.83 

,901 

.401 

.701 

.681 

.791 

.63) 

.60 

10 

.85 

.83 

,901 

.361 

.611 

.521 

.571 

.38) 

.24 

1  1 

.65 

.83 

.901 

.30  1 

.501 

.401 

.371 

.171 

,00 

12 

.001 

.24? 

.032 

.49? 

.693 

.283 

.353 

,  744 

.00 

l  3 

.001 

.231 

.942 

.322 

,502 

.b82 

.973 

.203 

.34 

14 

.001 

.221 

.65? 

.162 

.312 

.562 

.63? 

.73? 

.80 

15 

.001 

.201 

.762 

.032 

.142 

.262 

.322 

.34? 

.36 

16 

.001 

.191 

.701 

.901 

.98  2 

.042 

.04? 

.021 

.97 

17 

.001 

.19! 

.611 

.781 

.e?i 

.821 

.791 

.731 

.65 

ia 

.001 

.161 

.541 

.681 

,b71 

.651 

.581 

.491 

.38 

14 

.001 

.  1  8  1 

.481 

.571 

.54  1 

.471 

.371 

.271 

.18 

20 

.001 

.1*1 

.431 

.481 

.  4?  1 

.321 

.211 

.08 

.97 

21 

.001 

.161 

.371 

.381 

.31  1 

.181 

.05 

.93 

.80 

22 

.001 

.161 

.321 

.291 

.191 

.06 

.43 

,80 

.67 

2  3 

,001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.00J 

24 

,001 

.00 

.98 

.46 

.92 

.67 

.07 

.88 

.67 

25 

.001 

.00 

.98 

.93 

.83 

.75 

.76 

.78 

.75 

26 

.001 

.00 

.97 

.90 

.75 

.65 

.66 

.64 

.65 

27 

.001 

.00 

.97 

.67 

.6" 

.55 

.58 

.6? 

.56 

23 

.001 

.00 

.95 

.83 

.6? 

.46 

.5? 

.55 

.68 

29 

.00 

.99 

«9U 

.79 

.57 

.40 

.“5 

.50 

.43 

JO 

.00 

.99 

.93 

.75 

.51 

.34 

.«0 

.45 

.38 

31 

.00 

.99 

.9  2 

.7? 

.64 

.28 

.36 

.4? 

.33 

32 

.00 

.99 

.91 

.70 

.40 

.23 

.33 

.38 

.30 

JJ 

.00 

.98 

.40 

.67 

.35 

•  16 

.31 

.35 

.27 

34 

.80 

.66 

.57 

.50 

.66 

.42 

.38 

.36 

•  Jo 

35 

.67 

.50 

.4  1 

.34 

.30 

,26 

.22 

.18 

.16 

36 

.58 

,U1 

.32 

.26 

.21 

.17 

.13 

.It 

.08 

37 

.50 

*33 

.26 

.19 

.16 

.1? 

.49 

.07 

.05 

38 

.45 

.30 

.22 

.16 

.12 

.08 

.07 

.04 

.03 

39 

.41 

.26 

.18 

.13 

.09 

.07 

.05 

.03 

.02 

40 

.37 

.23 

.16 

.11 

.08 

.05 

.03 

.02 

.02 

«l 

.33 

.21 

.13 

.09 

.06 

,04 

.03 

.02 

.01 

4  2 

.31 

.18 

.12 

,08 

.05 

•  0  3 

.03 

.02 

.01 

43 

.29 

.17 

.  1  t 

,07 

.04 

.03 

.02 

.01 

.01 

4  4 

.25 

,40 

.44 

.56 

.5« 

*69 

.58 

.56 

.53 

45 

.35 

.52 

,60 

.65 

,66 

.65 

.63 

.62 

,60 

46 

,  4  4 

.60 

,68 

.71 

.71 

.69 

.67 

.67 

,  b6 

4  7 

.50 

.67 

.75 

.74 

.73 

.12 

.71 

.70 

.  70 

46 

.57 

.71 

.75 

.77 

.76 

.74 

.73 

.73 

.73 

49 

•  6  0 

.73 

.78 

.78 

.77 

.76 

76 

.76 

.76 

50 

.63 

.76 

,60 

.79 

.78 

.78 

'7 

.77 

.77 

51 

.66 

.78 

.81 

.80 

.79 

.79 

.79 

.79 

.79 

52 

,65 

.80 

.82 

.81 

.80 

,80 

,80 

,80 

,80 

5  3 

.71 

.81 

,83 

.82 

.81 

.81 

.87 

.81 

.81 

001 

.001 

.001 

,001 

.001 

.001 

.001 

.00 

81 

.76 

.78 

.79 

.77 

.7? 

.69 

.70 

66 

.60 

,  6  1 

.66 

.60 

.54 

.48 

,48 

53 

.46 

.48 

.50 

.67 

.38 

.32 

.34 

4  2 

.34 

,3B 

.40 

.37 

.27 

.21 

.24 

33 

.25 

.30 

.33 

.29 

.18 

.12 

.18 

2b 

.18 

.24 

.26 

.29 

.13 

.06 

.14 

21 

.12 

.20 

.24 

.20 

.08 

.02 

.13 

16 

.07 

.17 

.22 

.18 

,07 

.02 

.13 

1 2 

.'*5 

.17 

.20 

,16 

.  C  7 

.02 

.13 

10 

.05 

.17 

.2') 

.18 

.07 

.02 

.13 
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SUBROUTINE  INTER  -  Internal  wave  transmission  and  reflection  coefficients 
for  the  equivalent  breakwater  found  in  EQBW  are  solved  in  this  routine.  MW 
equations  (57)  and  (37)  are  solved  implicitly  using  Rc  =  170  and  interpolation 
of  MW  Figures  2  and  3,  when  nkl  is  greater  than  0.1.  If  nkl  is  greater 
than  0.9  the  coefficients  cannot  be  solved,  so  another  equivalent  breakwater 
with  smaller  reference  diameter  stone  is  determined. 

SUBROUTINE  EQBW  -  This  routine  determines  the  rectangular  breakwater 
corresponding  to  the  multilayered  trapezoidal  breakwater  using  the  methods 
described  in  MW  Section  IV, 2.  The  initial  reference  diameter  is  taken  as  one- 
half  the  armor  diameter  and  reference  porosity  is  defined  as  0.435. 

SUBROUTINE  LENGTH  -  Finds  the  relative  depth  given  the  ratio  of  water  depth 
to  deepwater  wavelength. 

1.  Program  Use.  The  following  steps  are  required  to  use  the  program  MADSEN 

(a)  Assign  each  of  the  materials  used  in  the  various  layers  of  the 

breakwater  a  consecutive  number  making  the  armor  "material  number  1." 

Determine  the  diameter  of  each  material  from 


where  W50  is  the  median  weight  and  y  the  specific  weight.  Also 
estimate  the  material  porosity. 

(b)  Divide  the  breakwater  into  horizontal  layers.  A  new  layer 
occurs  any  time  there  is  a  change  vertically  in  any  material  type  of 
slope  (see  Fig.  G-2  for  an  example  problem).  Make  the  layer  next  to 
the  seabed  "layer  number  1."  Find  the  thickness  of  each  layer  and 
determine  the  average  horizontal  length  of  each  material  in  each  layer. 
Remove  the  outer  layer  of  armor  from  the  seaward  face  of  the  breakwater 
before  making  length  calculations,  because  energy  dissipation  on  the 
front  face  is  determined  separately  in  the  program. 

(c)  Estimate  the  kinematic  viscosity  of  water  as  a  function  of 
water  temperature  (Table  G-3) . 

(d)  Estimate  breakwater  water  runup  parameters,  a  and  b.  At 
the  present  time  the  values  of  a  =  0.692  and  b  =  0.504  are  recommended 
based  on  the  laboratory  data  of  Hudson  (1958). 

(e)  Put  the  information  into  the  required  input  format  (Table  G-4) . 
Input  cards  for  the  example  breakwater  (Fig.  G-2)  are  shown  in  Table  G-5. 

(f)  Sample  output  for  the  example  problem  is  shown  in  Table  G-6. 

2.  Computer  Program.  A  listing  of  the  computer  program  MADSEN  is  given  in 
Table  G-7. 
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Table  G-4.  Format  of  input  information. 


Card  type 


standard 

1 


Format 


20A4 

312,  4X,  7F10.S 


10X,  2F10.S 

(one  card  per  material) 


10X,  7F10.5 
(one  card  per 
horizontal  layer) 


2F10.S 

(wave  condition  card; 
one  card  per  wave 
condition) 


Description 


S3  standard  input  cards  (see  Table  G-3) 

number  of  breakwater  configurations  or 
water  depths  to  test 

title  card 

number  of  wave  conditions  to  test 
number  of  materials 
number  of  horizontal  layers 
Structure  height  (m) 

water  depth  (m) 

kinematic  viscosity  (m2/s) 

width  of  top  of  breakwater  (m) 

front  slope  of  breakwater  *  tan  (e) 
wave  runup  parameter  a  =  0.692 
wave  runup  parameter  b  *  0.504 
material  diameter  (m)  (armor  1st) 

material  porosity 
layer  thickness  (m) 


mean  length  of  each  material  type  in  the 
layer  (put  in  consecutive  order,  material 
1  (armor  1st),  etc.) 

wave  period  (s) 

wave  heights  (m) 


NOTE. --Repeat  card  types  2  to  6  for  each  water  depth  or  breakwater 
configuration  to  be  tested. 


■■  . 


Table  G-6.  Sample  output. 


example  problem 

computations  of  *a \f  transmission*  through  a  porous  break'" a  t  fh 


ni/h  op  have  conditions 

Nijm  OF  materials* 

Num  OF  hORIIOntIAL  LAYERS* 
STRUCTURE  HEIGHT  (M)« 
hater  OE  P I H  ( m ) ■ 

KINEMATIC  VISCOSITY  (H2/St  C ) *  . 
8h  Top  nIDTM  £  m ) a 
Tanh  OF  FRONT  slope* 

Runup  coefficients  a*  h* 
Material  characteristics  'make 


is 

3 

\ 

s.ooo 
9.80  ft 
0 ''0000*50 
2.520 
.6670 
,501 

armor  material  Number 


i> 


material* 

1 

OlAMfc  TER 

(M^a 

.729 

POROSITY* 

.170 

material* 

2 

DIAMETER 

(Ml* 

.3*8 

porosity* 

.  JTo 

material* 

3 

diameter 

(hi* 

,0R2 

POROSITY* 

.370 

HORIZONTAL  LAYER  CHARACTERISTICS 


(►■ake  Layer 

NEXT  TO 

seabed  layer 

number  t) 

hatfrt al* 

1 

2 

1 

HORIZUNt  IAL 

LAYER* 

I 

THTCMNrss 

( M) a  3.5SO 

LENGTHS 

('<)* 

«.s 

2.8 

£>.« 

MORIZONTtAL 

LAYER* 

2 

THTCMNfcSS 

fM)s 

.  780 

LF.nGThS 

(MJ* 

1.5 

2.S 

3.0 

HORIZONTAL 

LAYER* 

1 

TMtCm.mFss 

(  HI  a 

.970 

Lf nCTHS 

(M)s 

5.3 

fl.P 

°.o 

M(M) 

T(3EC) 

h/(G*t«t) 

M/L 

D/(G»T*T/) 

KTT 

KTP 

KT 

kR 

HTfM) 

.TOO 

5.00 

,  0  0  0  0  n  S 

,00355 

.0106 

.392 

0,000 

"39? 

i  26 

.0  3? 

.soo 

5.00 

,0020.1 1 

,  0  1  6  7  0 

,n|R6 

.213 

O.O.iO 

.21  3 

.20 

.5  06 

1  .000 

5.00 

,001082 

.OiFIR 

*or<6 

.15) 

0 . 0  0  <| 

.  i*i 

.7  7 

,i5i 

1  .soo 

5,00 

.09M22 

,05023 

.0196 

,131 

.03  6 

.136 

.77 

.205 

1.750 

5.00 

.00 7  Id  i 

•05H60 

.01*76 

.122 

.0*  . 

•  1  59 

-.26 

.262 

2.000 

5. no 

.  0  0  H  1  R  3 

,0hb97 

,01  Rb 

.115 

.125 

,169 

.26 

.339 

,100 

10,00 

,  00  0 1 n2 

.00151 

,n:)l9 

.«01 

o  .  0  0  0 

,101 

,50 

,01(1 

.600 

10.00 

.0005) o 

.0O75J 

,  o  y  a  9 

.202 

o.ono 

A21’' 

.59 

,101 

1,000 

10,00 

.001020 

.01507 

,00*7 

.135 

0.003 

.135 

.62 

.‘35 

1 .500 

10,00 

.0015-U 

.0?2fto 

,00'iP 

,100 

•  PS 

.152 

.M 

.229 

1,7*0 

10,00 

,oo<  7*o 

.026*7 

,00*9 

,1)«0 

.159 

sl«2 

,61 

,3l« 

2.000 

10.00 

«  0  C  2  0  '1 1 

,0301  $ 

•  0  0*9 

.P?0 

.  1  0  3 

,209 

.61 

.113 

.100 

20,00 

,000026 

.00073 

.0012 

,  3*  1 

0.000 

.381 

.5  3 

.038 

,soo 

20,00 

,000120 

.00307 

.0012 

.186 

0,000 

lie* 

,66 

.093 

1.000 

20,00 

,000255 

.00735 

,0012 

.127 

.010 

*127 

.  70 

,127 

i  ,soo 

2  0,00 

,0003*3 

.0110? 

.ovt2 

,09» 

.150 

,182 

.71 

.271 

1.750 

20,00 

,  0  0  0  R  «  o 

.012*6 

.0312 

,U«7 

.196 

.2I« 

.  72 

,375 

2.000 

20,00 

.0005(0 

.  0  1  R  7  o 

,0012 

.vfll 

.227 

.'2R1 

.  ?2 

,U8? 

KTT  »  WAVE  TRANSMISSION  TMRpitr.,1  THf  STRUCTURE 
KTo  -  h  A  v  E  T  K  AN*  '  i  3S  I  o*1  fy  o',  f  s'TOPp  ING  COEFFICIENT 
KT  .  TOTAL  have  TRANSMISSION  (^EFFICIENT 
KR  .  HAVE  REFLECTION  COr.FEjCIENT 
MT  *  TRANSMITTED  hAVE  Ht  I *>H T 


Table  G-7.  Listing  of  the  computer  program  MADSEN. 


1 


9 


10 


19 


20 


29 


so 


39 


90 


95 


50 


59 


00 


09 


PROf.RAH  NADSEN(lNPUT»0UTPUT,TAPE59INPUT,TAPr6*0UTPuT. TAPES) 

coKnON/MAosi/*4M,Nt.fotii>»Hm>*Lt(n»in*TM(ii) 

C0M>«0N/3EtL/NKL«E* 

SEAL  mkl 

DlMpNSiON  18UF(1)  t  TITLE (20)  »NUM(tO) 

NEAL  L.nu.kT,k«,N,LE|NR,LL,KTO,KTT 
OATa  Num/1,2,1,9,5,6«T,8.9,10/ 

PI»5. 19150 
CALI  RE  AO  I 
REAn(5»590)  NCOmP 
900  FOR«AT{5)?,a*,9rio,5) 

00  ?00  IJ«l«NCC“P 
C  READ  INPUT  INFORMATION 

RE  *D( 5, 1 71 )  (TITLC(JJM)*J.‘m«1»20) 

171  FORmaT ( ?o*u) 

RR1TE(6«172)  (TttLMJJH)  tJJMRl*20) 

172  FOHmAT(1M1,10x,ROA«) 

RE An (5,590)  NT,NM,NltMS»HO,NU*TOP*,TANB,RA*RB 
F  tHj|*MO 

IF<pA,Lt,fl.)  RAiO.692 
IF(pb.lE.O.)  RB».50« 

aRJtI (0,071)  NT,NM,NLiMS,HO,NU,TDPw,TAnR,RA,RB 
071  FORMAT  1/  , 10*, (COMPUTATIONS  OF  RAVE  TRANSMISSION  THROUGH  A  POROUS 

•  BNf  AK.ATfB  {,///, 5X,  INUM  OP  “AVE  CONDIT 1 ONS  1 ,  l  ?K  ,  I S, /»5X  • 

•  INUM  OF  H4,tRIALS»(,l7*,lJ,/,5K, 

•  (NUM  OF  HoalEONflAL  Layers*  (,6*,I5,/«5x,  ISTRUCTURE  HEIGHT  (H) 
*»  I*AX,F10.S,/,5»* »«*T1R  DEPTH  (M)«  [,1IX,F10. J./.5X, 

•IRInEmatiC  VISCOSITY  (M2/SEC)»  I*F| l ,0,  F.5K.IBR  TO?  RlOTH  (M)9(, 
•IPX.F !0,3./,5x,  ITANB  OF  FRONl  SLOPE* t,0x,F3.«,/,5X,  IRUNUP  COEFFICI 
•F  NTs  A*  t , F  6 , 1 ,  I  8*  IlF6.ll 

DO  99  1*1,11 
DO  98  J« 1 .  S  1 
08  LL(T,J)*0. 

00  CONTINUE 

aRI»E(6,281) 

285  FORmaTjsx,  IMATIRIAL  CHaRaCT|RI8Tics  (HakE  ARHoR  HATERIaL  NUMBER  1) 

•  l./l 

DO  6  I  *  1 , NM 
«E*n(5,T)  P(I),n(I) 

7  F0«maT(10X,7F 10.5) 

aRI Tfc ( 6,  177)  I,n(I).NU5 

177  F0RmAt(5x,  [MATERIAL*  1,13, t  DIAMETER  (H).1,F  6.J,  I  POROIITTP  (,Fb. J) 

6  CONTINUE 

aPJtE(6,2A«)  (NIJM( JM j  ,  JHal  ,NM) 

28«  F0RMAT(//,5X, CMORIZONTJAL  LAYER  CHARACTERISTICS  (,/,SXt 

•  1 1 ha*F  LAYfR  Nfxt  TO  SEABEu  LAYER  NUMBER  t)|,/* 

•  52x *  tMATERI AL*  1.7(11 ,5x) ,/,63X,6(I2,9X) ,/) 
no  53  J*1,NL 

REAn(5,7)  Th(J),(Ll(I,J),I*1,nm) 

API Tt (6.178)  J,TM(J),(LL(I*J)*I*1,Nm) 

178  F0RMAT(5X,  1H0RI70NTIAL  LATER*  1, 1 J,  (  THICHNESS  (H)9(,  Ft,Ji|  LENGTH 
•S  (m)« U7F6,i,/,*0k,7F6,i) 

S3  CONTINUE 
NM»nM* 1 
0(Nm)*0U) 

N(Nm)»0,01 

nl*nL* 1 

TH(NL)«10O0flO00. 

LL(NM,NL)»J,*D(1) 
aR I Tt (6,092) 

092  format ( //,  6X»(H(M)  T(SEC)  HF(G*TOI)  m/l  D/tC*TOT/)  RTT 

•  *  TO  KT  KR  HT(M)t) 

DO  |99  IX» 1 , NT 

RE  *D(5,8)  T,M 

8  FORMAT ( ?F ) 0,5) 

A*H«0,S 

DR*n(i)*o,9 


184 


TO 


7*5 


80 


8S 


00 


05 


100 


105 


no 


115 

1 


5 


10 


15 


Table  G-7.  Listing  of  the  computer  program  MADSEN. --Continued 

If ( i.LT  ,0,00001  1  CO  TO  10« 

If (TAR&.LC.O,)  *0  TO  57 

t*Ll  R£fL(A«MS.nUJ , MO, TARB, T ,RII ,Ru.l) 

At*Rl I*A 

22  PHTs2.*OU«* 

c  ASSUME  n*f»0NT  4NO  ITERATE  OR  THE  EQUllTVART  B* 

ICOiiRTpO 
0*1, 0«T 

10  lCOi|NT«ICOUHT*l 

C*L|  EU»*(DH1  •OhT.UI  iH0«HS»TANB»HR«rtR»TnPlO 
CiU  INTt  R(«JR,T,LE.wQ.  Al.Ru.DR.Tl.RJ,  L.  IM.AG) 

if •: Tf'uAB.ea.ii  hr«dr»o,os 

If(TfLAG.FG.l)  60  TO  22 

Ow£,(t  ,*flt)*RII*A 

I  f  {  rCOURf  ,  L  T  ,  <J )  00  TO  10 

K8«»1»»!I 

ATT,TI*Rtt 

IT  If (TANg.Lf ,0.)  e*U.  IRTER(R(l)tT,TOPw*HOtAtRUtDll>»KTT|KRtl,tIFlAG) 
JF( rFLAG.f 0.1)  el«»D»*0,5 
If (lfUAC.EO.il  GO  TO  IT 
Si.'N*»T4<-e/51RT<*/<  1,56«T*T)) 

M*toA»S"RF/( 1 .AOSASUlf 1 
K»H*RH 

f e*F /r 

C«0>1  ■0.11«TOR*/MS 
*To,t»n  .«e ») 

if c r rop«/«si .gtTo.sr.ard.f .uT.o.)  Kro»c*Cl.-fR)«(i,«2.oe)ORR 
If («»", CT.t. I  «TU«1, 

If (rx.GT.l.OJ  KfU»Q, 

HCTpt A*2./(0.8o«T*T) 

*U»>.*a/u 

OGT?*wn/(0,80*T*T) 

( uaraJh 

* Te SNR T(KTT«f?AKf 0**2) 

If (kT.GT.1,0)  KT*l,0 
HTswtKT 

*01x1(6.081)  M,T»HGT2.HU,DGT?.tiTT.KTO.KT*KR,HT 
081  f ORm at (  5X.f6.5.f 10.2.F 10,6,f 10.5.F lO.O,Jf*.l»ffc,2,fT.I) 

len  contInuf 
196  COntImjE 

*RIU  (6*201) 

201  fOK«AT(//.2*. (h T T  «  * AvE  TRANSMISSION  ThROUch  THE  STRUCTURE  It/t 

*  2X.fKTu  «  HAVE  tBanSmISJIOh  BV  OVERTORPjNG  cOEff ICjE NT  I./. 

*  2X,(HT  -  TOTAl  have  TRARSHISSIOR  fOf f FlClENT It f *2** 

*  IK»  ,  have  RFFUECTIOR  COtFUCURTf. 

♦/.2X.IHT  •  TRANSMITTED  have  HEIGHT t) 

200  CONTINUE 
STOP 
1N0 

SiinpoUTTNf  Rl.fU(  A.hs.O.mO.TanB.T.RIj.RU.I) 

COhmOn/haHs/I ST (0# 1 )).RIiT(0.)l).RT(l7.1l).Tx(0.10).RX(9.10) 

OI*FNS10N  FSS(It).RUS(ll)fH9(ll) 

Rf  *L  I  .LSI, l  S 

C  Cf  »  *O0FL  CORRECT  TOR  FACTOR  TO  ACCUURT  FOR  HOnEl  SLOPE  EFFECTS 
Cf *1 ,?8*0,5T8*TaN8 
If (?ANHtLT,fl,«)  Cf *  1 , 02 
If (TANB.6T, 0,681  Cf»0,«9 
C  UNO  *  A  vE  UfNGT*  l 

HOun»*o/( l ,*6*t*t) 

call  IERGT(HOLO.hOL) 

L«Hn/*OL 

LSshO/Tanp 

IffwS.LT, mo)  LS«mS/TAR0 
LSLal.S/L 

If  (LSI  .LT.0.8)  r.0  TO  105 

TmIh«SURT(8,2ri*<L8/0,6)/I9,8*T4RHU,283*HO/(lS20,R)))) 

mRI tE (6. 1 0| )  Tmjn 

101  f ORwaT(///, IX, (WARrInG»ThE  HlRIHUH  WAVE  PE«IOO  TO  BE  ANAL*lCO  ST  T 


- 
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Table  G-7.  Listing  of  the  computer  program  MADSEN. --Continued 


t 


20 


21 


JO 


il 


«o 


Hi 


\ 


1 


10 


15 


*Mts  program  i s  ( , f  6 , ? •  (  stc  for  this  condITiono 

LSl.0,799 

10S  ls(|  SL*10,»1  ,) 

c  INTERPOLATE  IHPUT  TABLE  FOR  This  LSI  VALUE 

11*1 si*?o,*t • 

00  5 

FSS(J)«rSTn,Jj*(PST(lAl»J).FSTlI.J))*(L*L»(I-l>*0.1)/0.| 
RUSf  J  J  SHUT  (I.J)*(  RUT  (!♦  I  »J).RUT{I,Jj)*(tSL*n*n*0.1)/0.I 
j  RSojaRTaj.jj  +  fRtaui.ai.RTai.jjTpasL-iiun’o.osi/o.os 

c  GUESS  PhI  AND  ITERATE 
PH1«5,0 

«S0 

6  J»PhI 

f  At»<  Ai,nGrPHl*i.)»ALOG(J*.|  ,l)/(AL0Gf  J*2.  J«*L0G(J*1,>) 
FS*FSS(  ./*!)♦  r*C*{fSS{iJ*2T*TSs(J»Tl) 

Riiaausr J*i )♦  faC»(RU5CJ*2)»Ru$CJti)> 

RU»RS(  J*\  )♦(»$( J*2>»«S(JT1))*F AC 

ARGsO,2<»»TO/Nn)**0,?*<R'J*?.*A/<HO*TA»*Bn**0,5*7S 
PHl^*n,s*ATAnf *»Gl*57,29i78 

Uf L«APS(PHIN*P«T) 

IE(M.GT,20)  GO  to  1 
PM*PMN 

IMPM.LT.n.Ol)  Rh I«0 .0 1 
IMPHI.GT.9,99)  PHIaO.99 
IMnkt  .GT.o.05)  GO  TO  6 
9  KII«R1I*CF 

«f  TiiRn 

tup 

SUhpOUT IMF  REACT 

t0fMCin/Mi0s/ASTf9*l  U.RUr(9,lI).RTCiT.ll)*TxC9«l01tRX(9*10) 
177  PORM4T(?X.l7Fa.?) 

PU  1  H3 1 , 1 1 

1  REAMS. 177)  (FST(N«M).M3U9) 

DO  2  M*it1 , 

2  REAMS, 177)  (RUT(N.H)«N*1*9) 

00  ?  MSlflJ 

1  REAMS, 177)  <RTfS«H)iS»1»17) 

00  a  R*ltio 

0  REAMS. 177)  (TX(N.H)tS»li9) 

00  S  **1.10 

S  RE  AM5. 177)  (RxfS«H)»S«I*9> 

RETiiRK 

ENO 


1 


5 


I" 


15 


20 


SUMBUllTINE  EUBwfOM.OHT.LE, hQ.MS.TanB.nR.DH, TOP*) 
COH«ON/M*ptS1/SH.SL«oni)»NCll>»  1(11*1 1)»TH(II) 
dimension  HE  TA(U)*0H(11) 
real  n,l*I E«NR 
nR*«,uI5 

HE IaR»2,7*< I .•NR)/(NR**S*DR> 
oo  ?)  I»1,NM 

?1  »EU(!)b2,7*U,,N(1))/(nc1)**5*0<!)) 

TMjsy, 

T w2sO  , 

DO  a  J=  1 .H 
Tw1*Th1*Th(J) 

NTLaJ 

DM  J)«Th(J)/mO 

IMtM .GT.hO)  0h(J)«(H0*TH2)/HO 
IF(TM1 , GT.hO)  go  t0  S 
U  lH2«TH2*Tht J) 

1  SlJMpS  o  , 

iiP  16  Jal.NVL 
SUMl«ft, 

(1(1  1  7  I«1*NH 

17  SUm'i  *SUmj*BPTA(  T)  /BE  TAR?t(I*J) 

1  6  SUM?«SUH2»OMJ)/(SORT  (SUM)) 

Lf*t ,/<SDM2*»2)*0Ht/0HT 


(86  4 


Table  G-7.  Lis.ti.ng  of  the  computer  program  MADSEN. --Continued 


25 

l 


s 


10 


is 


20 


25 


JO 


15 


U0 


as 

1 


5 


to 


is 


in 


RE  T  i<KN 
ENO 

SUmbii'IT  I  Nf  JNTf  R(N,T.t  ,HU* A.NU.r«TI,Rt»WL*iElAG) 

CO^Ml'M/SEH/NI<l*ES 

to  MuN/Mios/f  STr<».n).«urt9,in,RT{irtii}.f>((9,to),Rx(*ito) 
DiHf.--.sjoM  rsno)»Rsno) 

RF*t  ”KL*l ,MJ. HO, LAMBDA, N 
SSsf  M/ft.ttS)**? 

*  1«1S9/WL 

M<ts'-»KP*L 

C*HBljis  I  , 

t-Cs,  7n, 

IC=n 

?  f'-SF 

IC=!C*1 

uS4«SuPT(<ltflO/Hnj  /(  1  ,*u*Hao*  1 

Rtsil*D/NU 

f  8M*  (KO*n*(S(JkT(l,*(l,*RC/l»l,)«i  16,*BET*»»*l/(5.*5.lat59*H0)))«l.) 

L*HRL'AsKC*L*^/(?.*M) 

K(Tt.CT.lo)  CP  TO  S 

if  (r  AHsdM.n /n  .cr.o.os)  co  T0  ? 

S  T  I*  )  ,/d  ,*L4HH0*) 

RT*t  4M5nA/(l,*L4MH[>4) 

F Ssp/SS 

C  *«lTLf6.1<>71  F  ,  FSiUiMD 

JOT  »PRmAT(?ux,  (f,f  S*l-'*S0*1,«UJ,5) 

I*(NM., 01,0,9)  TFlAG»l 
if cn*-l.gt.o.<ji  ri Turn 
if  (*>«!., LT.O.J)  RETURN 
1FCFB.6T.SS.)  FS»JS. 

I*F  5 

t  JN  I  F  Bpl!|  ATf  MfoSEN  pllBvE  S  g  AMD  J 

lit*  1  Hji.io 

fcS(‘l)»RK(  J«N)  ♦{«*(  J*  J  #m)-R* (  J*M)  )*<NKl  -  0, 1*  J)/0,  l 
1  T5(M)*TX(J,H)*(TI( J41,M).TX( JvH))»(MSL*P,l*J)/0,l 

IF  CfS.IF .1  ,n)  T  JiTSM)  7*1061  O(FS)*  (TS  ft  ft)- ISM  n 
IFCfS.LF.1,0)  RT*RS( t ) ♦ A  LOG  1 0CF5)*(PSt 1  /) )  -  KS  ( I ) ) 
lFCrS.6F.ld.)  TI*TS(tO)*(JS,-FS)/as; 

1FCFS.6F  .10.)  RT««S(10)*(l..KS(10))»(F'S.10t)/?5, 

IF  CrS.Lf .1 ,rt,OR;FS,Gt ,10,0)  RETURN 

Rl«RSm*fRSCJ»t)-HS(I))*(ALOG(FS)-»L06tI«l,))/(Al0eC*l,)-AL0G(l* 

*1.)) 

T  txTS(I)4f TS(l4lJ.TS( I))*(*LOG(FS).ALOG(I»l,))/f(AtOC(l7t,)»ALOCf J* 

*1  .)) 

"F  T  1 1 U  7J 

t  MU 

SUBROUTINE  l E NGT f  DlQfDL) 

RE*l  l0.t.nNf.*i,L00 
ton  ,0/nt.n 
tOUsl.O/DIO 
N*  1 

R  I*  S  « 1  <M  59 
t  *RC,2,0*PT/L0 

l.PNr*suOD*T»NH(ARG) 

M*N*  1 

CIFF»*3S(l.pNEw«tO> 

IE(n-?oo)  j«a,a 

1  I*  (f>lFF«0,0O0S)  2,2»  5 

S  Lr'«(UONf»i*l.O)/2,0 

60  TO  1 

«  01*1 ."/LONE* 

•Rlrifb.lOO)  OtOfOt 

ion  F  OR-AT ( U«H  SURROUTJNt  LENGTH  DIO  NOT  CONVERGE*  0/10  *  ,E10,5» 

1  BmO/L  ■  , E  J  A ,S) 

2  UU»1,A/lONtw 

Rf  TiiRN 

END 
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a  *  • 

O  H  £  «1 

»h  «  o 
ai  -h  o)  eo 

>  M  *j  *0 


)  3  C  ®  X 

H  4)  m  3  It  I 

a  a  *h  o  ai  < 

C  ax  x  e  : 

>H  <  H  *J  C  I 

0)0)1 

e  a  i 


)  pH  a.  U  i 
I  X  ffl  t)  ! 

I  *h  •  4J  41  c  1 

)  X  ®  <0  1 

)  0)O»- 

>  w  x  a  o  -  ' 

;  oj  t1  oi  u-*  a)  i 

•a  T3  V-  »H  < 

0  3  C  tt  X 

H  JJ  (D  -O  (B  ( 

y  a  o  o>  i 

c  ax  x  b  : 

*-«  <  H  *J  C  l 

§01  •• 

a  i 


O.  *  * 

O  rH  X  <0 
•H  <0  O  *J 


l  •  u  «  < 
t>  o  u 
\  H  a  o  •  < 

I  H  4I<M  «  I 
I  *0  *  H  ( 
10  MX 
I  0)  »  *0  «  ! 

»  a  -h  5  «  < 

i  £S5 B i 


0) 

•  41  M 

H  «  U  (t  •  l 
«  H  3  0 

W4)  a  ®  o  r 

■H  *J  fi  *0  -H 

g«  5  o  u  i 
2*  y  x  o 
ex  u  o> 

It  «IU  OH 

w«  o>  o  e  <m  ( 

U  ai 

x  e  y  u 

0)  C  x  c 

>  0)  O  «j  V 
«  *h  *m  >  : 
»  x  *j  « 

«8  «  n  » 
i  06  0)  X  01 

SE"“n 

o)  a  *a 

.  u  5  a  u 
«  *0  >  o  v 

0)  CHH  *)» 

9  tM)  «i 


..  t  J  - 

01  Wi  t»  «  •  pH 


•  X  O  t-  * 

i  ■a  <»  »  4J  m  . 

'  X  S  3  -0  •  I 

*4  C  o*  0  «- 

8(1  H  « 

a  c  a  t 


